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STOCKER, US.N. “Lieut. Comdr. Rommson, USN. 
Adeutenant, Commander F. we STERLING, (Retired), 


“neering Experiment: Station, Annapolis, Md., for the purpose 


“of obtaining the performance of a Sturtevant forced-draft tur- 


_bine-driven blower. The unit consists of a non-condensing 
-vertical turbine with’a cone type. fan mounted on the turbine. 


| shaft directly above the turbine. | ~The test covered the per- 


formance of the turbine at various ‘speeds, steam pressures and 


pressures ; the performatice/of/the fan “at! various speeds 


and the performance of the combined unit. 


sectional assetibly view of the tarbine is shéwn in 
figure: 1 turbiné<is' of the” ‘single stage, impulse, non- 
condensing, type with the usual S Sturtevant type’ nozzles, 
reversing buckets. “and wheel. The turbine with 
six nozzles, though ‘there are eight spaces nozzles, two: of 
the spaces being ‘blanked off “The nozzles nearest the 
steam inlet are 11/32-inch in diameter at the throat and, hav- . 


ing no valves, are ‘therefore always open. The next two noz- 
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~ 


zles, one on either side of the steam inlet : 
diameter also, but are. provided with control” valves. These 
four nozzles constitute the operating nozzles. The two noz-_ 
zles which are furthest from the steam-inlet, one om:either 
side, are 34-inch diameter, and have control valves.’ These 
are known as the overload nozzles and should be kept closed 


’ under ordinary conditions, since they are simply large nozzles - 


for the purpose of insuring the turbine carrying full loge in 
case the steam pressure gets.as low as 15 pounds j gage. | 
The nozzles: ‘which were originally. installed in the 
were of round; cfoss-section, both at the throat” and at the 
mouth. The turbine was” first tested with these nozzles, then 
the round mouth ‘nozzles were taken out ‘and square mouth — 
nozzles were installed. These square mouth nozzles had round | 
throat sections, of “the. same diameter as. the. round mouth 
nozzles, and theexpanding portion tapered from the round — 


_ throat séction to a square mouth, each side-of which was of 


the same dimension as the diameter of ‘the mouth of the round 
nozzles. On account of the improved performance of..the 
turbine with the square mouth nozzles, these were left in the 
turbine at the conclusion of the test. The construction’ of the - 
nozzle’ and. reversing buckets i is shown in figure 
"Phe fani is of the coné type, with forward tipped: blades, and 

a specially designed back plate intended to pees stream- 
line flow through the fan wheel. i 

The principal dimensions of the unit are as follows! 


Diameter of turbine ruthie, inches...... -30 
Number of operating nozzles. 
Diameter of operating. nozzles,.inch... 

Number of ovefload nozzles. . 

Diameter of overload. fiozzies, gach 
Diameter of fan at tipr of blades, inches, . 


Weight of turbine, 


Weight of unit, pounds................ oa 
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photograph, figure 3. The e tur ine was bo ited to 7-inch 
by 11-inch beams across the testing pit. “Steam from’ the 
ound line was passed 1 through the separator: *'S” to re- 
move moisttre and to insure practically dry steam at 250 
pounds gage. ‘The quality. of the steam was s determinied by the 
horsepower vertical electric °“dynamom was 
mounted over the ‘tarbine, and connection made with ‘a Fraticke 
flexible coupling. The weight of the armature is ‘carried to 
the dynamometer frame ‘through a ball thrust at “A” arranged 
to seat against the hub of the field frame so that: any fric- 
tional torque ‘exerted on this thrust i is transmitted to the frame 
along’ with the electrical and windage torque. “The weight of 
the field’ and armature combined is catried ‘to ‘the dynamo- 
meter structural housing “pr by: means of the flexible cables 
main bearings have stuffing boxes for oil seals, and 
are fikewise arranged to transmit any frictional torque arisin; 
at this point to the field frame, "The brake ‘toad’ ig ‘weighed 
on a horizontal scale by the use ofa a bell ‘with ‘equal 
arms. 
"The steam pressures were rtieasured by meéaing of ‘the gages 
shown. The exhaust pressure was read ona mercury column. 
The speed. was measured. with a Veeder, counter. geared to the 
top of the-armature shaft. The steam consumed was — 
denseéd in a stttface condenser and Weighed: 
‘attatigement’ for testing thé fai is in’ the photo: 
graph, e 4. The fan was! mounted driving 
tutbine duct 40 itches in diameter, ‘and 8"feet 
long, was’ éfected at’the inlet Of" f'the’ fail. ‘Orifice’ plates «<p» 
having’ VatHioud ‘numbers of “holes! “equally spaced, 
were intake’end ‘of the duct!” These Otifice plates 
served ‘the’ ‘triple piirpose’ ‘Of providing’4 means applying 
‘various Toads’ oft the! fain, ‘asstiring 
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_ air across the duct, and providing a means of measuring the 
quantity of airused. 

The formula for the flow of air through any given oti 
reduces to the form W= =C vid, i in which 
W == pounds of air per minute. 

: h= static head, inches of water, drop ae orifice. 

density of air, Ib. per cu. ft, 

constant to be determined by. cdlibration.” 

_ Each orifice plate used was previously calibrated by ee: 
oe a 40-inch by 24-inch Venturi air meter, arranged in series 
with the orifice plate, and the coefficients thus determined were 
found to be practically constant for each plate over the range 
of quantities. for which. the plates were used. 
In actual working conditions the, fan takes air from. the 
. atmosphere and discharges it into.a compartment. in which the 
_ pressure is above the atmosphere, _ In the orifice plate ar 
duct atrangement the fan takes air from the. duct and dis- 
charges i into the room. where the pressure is above that i in, the 
duct. In each case the fan simply discharges a certain 
tity. of air against a head... In order to render the two al 
tions of. operation absolutely comparable, it is only necessary 
~ to correct the static head as measured i in the duct for the effect 


tions are e made i in ‘the calculations: for the fa performance, 


ait > oF RUNS AND RESULTS, TURBINE: 


The results of runs ‘made. on the turbine are tabulated. j in 
figures 5,6 and 7., The runs were made for the conditions 
_ enumerated i in table on page 461... 

Each constant pressure run over a of from 
: 1 to 2 hours, during which time the water was weighed con- cone 
tinuously. During. each. constant pressure run, shorter runs, 

of 12 minutes’ duration, were made at the various desired 
_ back pressures and speeds, This procedure i is permissible, be- 
cause the of a, certain 
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FIG.-5.—CONSTANT PRESSURE 
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of nozzles the back pressure or speed of 
the turbine. a 
|. The source of the items and method of computations for a 
| the tables of results are given in appendices T and I Atten- E. 
ition is invited to the fact that the steam 
‘24, figutes 6 and 7, are given in terms: of actual steam con 
‘sumed; and:not:in, terms of equivalent dry saturated steam at 
: hozzle presstre.. Column 14, figure 5, shows that the 
quality at 250 pounds gage was close to unity, which 


the of the turbine tests are in 
oi 8.to 18, inclusive. Figure 8 shows the relation be- 
tween. steam pressure and brake load at constant speeds. 
‘These curves were all continued down to zero brake load 
jdisconnecting the dynamometer from the turbine, and deter- 
‘mining the steam pressure required to run the turbine at the 
required. speeds, Other low points on these curves were ob- 
tained by running with dynamometer connected, and with all 
ielectrical load taken off. The continuity of the brake load vs. 
isteam pressure curves: proves that all of the torque developed 
‘by ‘the turbine was transmitted by the dynamometer to the 
weighing system and weighed: Figures 9 and 10 show the 
‘felation between steam pressure, speed and horsepower for the 
various nozzle arrangements indicated. 

Figure 11 shows the relation between steam pressure and 


Steam pressure | 50, 100, 50, 100,| 25, 50 | 25, $0, 80,| $0, 100, 
| St nozzle, gage.| 150, 200, | 150, 200, | 100, 150, | 107, 132, | 1§0,200, 
250. 2G 0. 200, 250, 156, 185. | 
peed, 600, 900, | 600, goo, | 600,900, |. 1,500. | 600, goo. 
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Fic. 10.—Sream Pressure vs. Horsepower, 6 Nozz Es. 
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steam flow, for and 4 round nozzles. and. for 4 square 
nozzles... The. steam flow is seen: to be the, same through, the 
round, and, square-mouthed nozzles at equal. steam. pressures. 
Steam economy, curves are given in figure 12.\ The steam 
economy, improves. with increasing speed. and also with 
creasing pressures.’ The. best economies obtained. were }53.1_ 
pounds per brake horsepower |hour with round nozzles -and 
50.6, with. square nozzles. , Figure 12 shows: the performance 
with square nozzles to be better than with round nozzles, both 
on.a basis. of power obtained and steam economy. It was for 
this reason that the square-mouth nozzleswere allowed: 
remain in the turbine. The effect of varying the back er 
is shown i in figure 13. 


i} 


"DESCRIPTION OF RUNS AND FAN. 
The results of the runs made on the fan are tabulated in 
figure 14.. Runs were made with various orifice plates and 
at speeds ranging from 1,155 to 1,506 revolutions per minute. 
The performance for each run was reduced to a constant speed 
of 1,500 revolutions per minute and to standard air density. 
The agreement between the reduced results of runs made with 
the separate orifice plates, as tabulated in columns 29 to 34 — 
inclusive, forms a check on both the method of testing and 
the method of correcting the results to standard conditions. 
The source of items and method of computation ‘of the fan- 
test ears are given in appendix III. 


_ EFFECT OF FAN DIFFUSER PLATE SPACING. 


- During preliminary runs it was observed that the spacing 
Be the diffuser plates had a decided effect upon both the noise 
produced and the performance of the fan. The manufac- 
turer’s drawing calls for a diffuser plate spacing of 6% inches, 
and the principal runs on the fan were made with this spacing. 
In order to determine, the exact effect of this feature on the 
performance, a.separate series of runs. was made, with, a dif- 
31 
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fuser plate spacing of 7% inches. The fan characteristics at 
a constant speed of 1,500 revolutions per minute, with <dif- 
fuser plate spacings of both 614 and 7% inches, are shown on 
figure 15. The interesting. feature of the comparison is that 
the quantity vs. shaft horsepower curves practically coincided . 
for the two conditions, while the head and efficiency are both 
considerably lower for the spacing of 7% inches. This means 
that, for a certain fan speed and air quantity, the same power 
is required for either spacing, but with the improper spacing 
of 7% inches the desired head is not developed and there- 
fore lower efficiencies result. From this there is seen the im- 
portance of giving proper attention to the PLETE 19 the 
diffuser plates.- 


DESIGN. CURVES. 


curves covering the design and of fans 
geometrically similar to the fan tested are given on figure 16. 
The method of construction and use of these curves is fully 
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explained in an article, “ Centrifugal Fan Calculations by the 
_ Specific Speed Method,” in the Journal, August, 1916, page 
613. Attention is invited to the fact that efficiency points 
have been marked off along the N,, vs. D, curve, and that 
by means of this addition the single curve of N, vs. D, may 
be used to solve any problem in the design of geometrically 
similar fans, or in the performance of this or ——- 
similar fans. 

As an example of the use of this curve it is desired to find 
the speed and power required by a fan of this type, 40 inches 
in diameter, when delivering 30,000 cubic feet per minute at 
a static head of 6 inches of water. sr ioas formulae which apply 
- to this problem are: : 

N= n,% Do = 
p 0:1573 OA 
e 


in which 
N =speed of fan, r.p.m.,. 
D =diameter of fan, inches, 
h =static head, inches of water, 
Q quantity, thousands of cu. ft. per min., 
N, = specific speed, r.p.m., 
D, =specific diameter, inches, 
P =power, h.p., 
e = efficiency. 
‘Tie, for the conditions of ee problem, 
D, = of — = 11.43 in. 
From the curve of N, versus D,, corresponding to a value of 
D, == 11.43 
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Power required = 23573 53.0 hp. 
The is 1, 450 r.p.m. and power: 

The performance of the fan alone is shown on figure 17 in 
the form of constant head characteristics of quantity vs:: power 
and quantity vs. speed. Data for these curves were — 
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Fic. 17.—Constant Heap CuarActenistics of Fan. 


COMBINED PERFORMANCE. 


‘The combined performance curves of the unit, puck 18, 
lhoiisig total steam required for various quantities and pres- 
sures of air, were obtained by combining data from the ohried 
fan performance ane turbine. at. correspond. 


with 2, 3,and 4 pon wp are shown, and also the, effect of open- 
ing additional nozzles is clearly seen. 

On figure 19 are given the curves of quantity of air vs. 
steam required per thousand, cubic feet of air at various static 
pressures. The ‘limit of operation. with. 2,, 3) and. 4 nozzles, 
and the effect,.of opening additional: nozzles; is. ¢learly.,seen: 
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The most efficient operation is always obtained. with the mini- 
mum number of ‘nozzles open and the highest steam pressure. 
That: is, additional ‘nozzles should not be opened: until ‘the 
maximum: pressure has been reached. At the specified \operat- 
ing conditions of 28,000 cubic: feet per minute and 6 inches 
static pressure the steam required is 1.79 pounds per thousand 
cubic feet of air. This method of stating the overall steam 
economy of the unit may be used for estimating, specifying or 
comparing performance of blower sets. 


aoe 


Fic. OF Unit. 


SUMMARY, > 00, 
attention is invited to the following 
(a) The performance of the turbine is slightly better with 


the nozzles having square mouths than with the round-mouth 


| 
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nozzles. This is on account of the better expansion ratio of 
the nozzles with square mouths. 

(b) The spacing of the diffuser plates heen. important 
effect on the performance of the fan, and care should be taken 
on installing the fan to obtain the proper spacing. - 

(c) In operation, additional nozzles should not be opened 
until the maximum pressure obtainable has. been. reached. 
That is, the load should be increased ‘i increasing steam pres- 
sure rather than by opening nozzles. 


N 
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‘Fic. 19. ‘OF Unit, 


(d) At the specified capacity of 28,000 cubic ‘feet of air 
per minute and 6 inches static head, the steam consumption of 
the unit is 1.79 pounds of steam per thousand cubic feet of air. 

(ec) The maximum static efficiency of the fan is 59.5 per 
cent. The best steam economy of the turbine with 5 pounds 
back presstire is 50.6 pounds per brake horsepower hour. 
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Sourct 0 oF Treas IN A, Fic. Tust- ‘Constant 

| — 

. Date, 1916,—For, reference. 

. No. of nozzles open —For reference. 

. Duration of constant pressure runs, 

Barometer, inches of mercury.—Observed.__ 

. Steam pressure after throttle, Ib. per in. 

. Steam temperature after throttle, deg. Fahr.—Observed. 

. Superheat after throttle, deg. Fahr.—Item 7 minus saturation. tempera- 

ture, from steam tables, corresponding to items 5 and 6. 

Steam pressure in calorimeter, Ib, per sq. in. gage.—Observed. 

Steam temperature in calorimeter, deg. Fahr—Observed. 

. Superheat in calorimeter, deg. Fahr.—Item 10 minus saturation tem- 

perature, from steam tables, corresponding to items 5 and 9. 

. Total heat in steam, B.t.u. per pound.—From steam tables, correspond- 
' ing to. items 5, 6, 8, if superheated after throttle, or cofreaponding to 
items 5, 9, and 11 if not superheated. 

13. Quality after throttle, per cent dry—From steam charts, corresponding 

to items 5, 6, and 12. 

14. Quality of steam at 250 Ibs. per sq. in. gage, per cent dry.—From steam 
i charts, corresponding to a pressure of 264.7 Ibs. per sq. in. absolute, 
' and to item 12. 

15. Steam pressure in nozzle ring, Ib. per sq. in. silk -Chaneved. 

16. Steam used by turbine, !bs. per hour.—Observed. 

~Note.—All pressures corrected for calibration error of gages and height 
of water columns in syphons. All temperatures corrected for calibration 
error of thermometer and exposed stem. 

Note.—Heat values, etc., obtained from Marks and Davis “Steam 
Tables,” or from Ellenwood’s “Steam Charts,” which consists of a graph- 
ical arrangement of Marks and Davis “Steam for the 
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Item. 

18. Reference number and letter—For reference. Referetice letter refers 
to the constant pressure runs in table I bearing the same letter. 
Reference numbers designate constant speed runs made within the 
constant pressure runs. 

19. Date, 1916.—For reference. 
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20. Exhaust pressure, lb. pér sq.in. 

21. Revolutions per miriute—Observed. 242) 

22. Net brake load, pounds—Observed. — gd 
WN 


23. Shaft horsepower developed—From formula: P= 


im pwhich.. P= item 23; N=item 21. 2000 = brake 
constant. 
24. Steam economy, Ib. per ho. lit ot 16, Table L ‘divided by ‘item 23, 
Table II. 
25, Heat economy, B.t.u. per h.p. 24 sauitiolied (item 12, 
Table I, minus heat of the liquid, from steam tables, serrenesediog 
to item 5, Table I, and item 20, Table II.) 
26. Absolute thermal efficiency, per cent —From the expression—. 


E: 25% 100, in which 2,847 i is the hen Btu. of one 


horsepower-hour. 


27. Efficiency of the theoretical per cent—From 
the 


thle 


E= ax 100, in which Hi =item 12, Table | I, minus heat of liquid, 
from steam tables, corresponding to item 5, Table I, and item 20, 
Table II. 

H. =item 12, Table I, minus total heat from’ steam charts, corre- 
sponding to item 5, Table I, and item 20, Table II, assuming constant 
entropy expansion from ‘the condition ‘of*item 12, Table I. 

28. Relative thermal Oe: per cent—Item' ve divided by item 27 and 
multiplied by 
29. steam ‘economy, Ib. per h.p. the 


a in which Ha is as in item 27. 


“Note —All. pressures. and temperatures’ as in Table 
Note.—Marks: and Davis“ Steam and Steam 
Charts” used for computations: 
—Each constant fun was minutes? duration, 


-APPENDIX 


Source or ITemMs IN “Taste, 
70.0; TEST, OF 


1. Reference. number, reference. 
2. Date, 1916.—For reference. pre 
Spacing, tip of diffuser plate, inches, ‘measurements, a 
4. Number of holes in orifice plate used. —For referent: ' 

5. Revolutions per, minute,-Observed. 

6. inches of mercury —Observed. 


| 
d- 
to 
1g 
m 
fe, 

ht 
on 

h- 
he . 
ers 
er. : 
the 


478 ‘TEST OF STURTEVANT: FORCED DRAFT BLOWER. 


. Room temperature, ‘degrees Fahr.—Observed:; 
. Wet bulb temperature, degrees Fahr—QObserved: 
. Density of air in room, Ib. per cu. ft-—From Taylor's corre+ 
sponding to items 6, 7, and 8. Mean? 2 
Static presse in duct, inches of 
. Orifice coefficient—From calibration of orifice with Venturi Meter. 
. Pounds of air per minute. —From the formula—W >=c 1/ hv 4, in 
which W =item 12, c= item 11, h=item 10, d =item 
. Temperature in duct, degrees Fahr.—Observed. ew 
4. Density of air in duct, lb. per cu. ft—From items 6, 7, 9, 10, and 13, 
assuming constant value of R for air in the formula po = RT. 
. Volume delivered by fan, cu. ft. per min.—Item 12 divided’ by item 14. 
. Velocity in duct ft. per minute—Item 15 divided by 8.836—8. a 
of duct, sq, ft. 
. Velocity head in duct, in. of water icia the expression— 
v? 
in which 4, = pet head, feet of air: 
aa V = velocity, ft. per sec. = item 16 + 60. 
= 32.174 
= he X de X in which 
Hw = velocity head, in: of water = item 17. 
ha = velocity head, ft. of air 
d, = density of air, item 14 
12: = inches per feet,. 
62.3 = wt. of water per cu. ft., Ib, 
. Static head. in duct, corrected for velocity; in. of. water —Item 10 
minus item 17. 
. Air horse-power, static—Item 18 X 5.1917 X item 15, divided by 
33,000—5.1917 = Ib. per sq. ft. equivalent of in. of water. 
j thes of square nozzles open on turbine.—For reference. 
. Steam pressure at turbine, lb. per sq. in. gage--Observed. 
. Exhaust pressure, Ib. per sq. in. gage-~—Observed. 
. Shaft horse-power—From turbine performance curve for 4 square 
nozzles, Fig. 12, tee to items 6, 21 and 5. 
; Static efficiency, per cent. eee X 100 
f Ratio of standard air density ‘to actual density—0.07492 divided by 
item 14. 0.07492 = standard air density, Ib. per cu. ft. 
. Static pressure produced by fan corrected to standard density of air— 
Item 18 multiplied by item 25. e 
. Shaft horsepower, corrected to standard air density —Item 23 ‘multi- 
plied by item 25. 
. Ratio of standard speed to test speed—1,500 divided by item | 5, 1, 500 = 
std. speed, rev. per min. 
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29. Quantity of air discharged by fan, cu. ft, per min., reduced to standard 
air density and 1,500 rev. per min.—Item 26 multiplied by (item 28). 
30. Static head of air produced by fan, in. of water, reduced to standard 
: air density and 1,500 rev. per min.—Item 26 multiplied by. (item 28)?, 
31. Power required by fan, ‘horsepower, at standard air density and 1,500 
rev. per min.—Item 27' multiplied ‘by (item 28)’. 


N= 


in which Ns =item 32, 15, h=item 26. 
33. Specific diameter, Ds inches.—From the formula— 


‘in’ which Ds =item 33,) Dew 42) inches, ‘tip diameter. tes tested, 
item 26, Q= item 15. | 
34, Specific tip speed, ft. per min pone the formula— 


va tip bpeed, ft. per min. D = 42 ins., N = item's, = item 26. 
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INSTALLATION AND CARE OF TURBO-BLOWER. 


INSTALLATION AND OF vD-s 


By F. W. U.S. 


INSTALLATION AND ‘ALIGNMENT. 


The installation of this unit, test of which is described on 
page 453, presents no unusual difficulties. It is of primary 
importance that the casing be securely bolted to the blower 
foundations, and that the shaft be installed in a vertical posi- . 
tion, Steam and exhaust piping should be well, supported 
externally, and means should be employed to take expansion 
strains in this piping in order that no external strains wer be 
imposed upon the turbines. 

The small drain pipe leading from the bottom of the tur- 

_ bine casing should be so connected that the exhaust casing can 
be drained of water ; this is especially important if the exhaust 
is carried higher than the turbine casing. After the turbine is. 
warmed up and running, this drain may be closed. 

The alignment of the rotor relative to the nozzles can be 
checked through the exhaust or relief valve openings, Fig. 1, 
or through the pipe plugs, Fig. 2. It is important to have 
the rotor and the nozzle and reverse bucket, Fig. 2, in align- 
ment, as shown in this figure. If it is necessary to adjust 
this alignment, this can be accomplished by the adjusting 
nut (92), Fig. 1, which raises and lowers the step bearing and 

the revolving element. 

To make the above adjustment, disconnect the oil pipe and 
remove the ‘oil pump and oil tank; loosen the set screws in 
the upper oil deflectors, lower deflector, upper revolving sleeve ~ 
and lower revolving sleeve; the lower deflector of the upper . 
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bearing is set within a few thousandths of the upper bearing 
sleeve, in order to prevent the revolving element from lifting 
away from the step bearing in a seaway and pounding the 
step bearing with the possibility of destroying the balls and 
race. When is complete the is locked 
the lock nut (93). 

OPERATION. 


The trie 3 is designed to carry ten pounds back pressure. 
The relief valve is set, however, to blow at fifteen pounds in 
order to give a. reasonable margin between the working and 
blowing préssures. The economy of the turbine is improved 
by keeping the back pressure as low as possible. 

The highest degree of efficiency is obtained by operating 
with as few nozzles as possible ; in other words, keep as many 
nozzle valves closed as is consistent with the load, thereby 
keeping the pressure on the open nozzles as high as possible. 
There are two sets of markings on the nozzle hand wheels, 

viz., High. Pressure” and “Low Pressure.” The latter are 
ae to be opened in the case of low steam cHEtecney con- 
ditions. 

It is important, when operating more than one biaiwer in the 
same fire room; to have them running at approximately the 
same speed. It is apparent that with one fan running at an 
appreciably lower speed than the rest the low-speed fan will 
have its delivery reduced, and if the difference in speeds gets 
sufficiently great there i is s danger of eying air back teres 
the low-speed set. 

Starting.—Before starting fill the oil tank full of fresh, 
clean oil. Remove the brass cap nut (51), Fig. 1, at bottom 
end of shaft. Be sure that the emergency governor mech- 
anism is set. .Open all nozzle hand-valves “ High 
Pressure” and close those ‘marked “Low Pressure.” Open 
drain pipe and exhaust valve. Crack the throttle sufficiently 
to allow the machine to warm up. 

When warm, open the throttle slowly, gradually bringing 
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Fic. 1.—Srurrevanr VD-5 Turso-Brower. 
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LIST OF PARTS FOR STURTEVANT TYPE VD-5 TURBO- _ 


1. Fan. 46. Pump (lower case). 
2. Rotor. . Oil Tank. 

3. Nozzle and Reverse Buckets. . Oil Pump Gear (driver). 
4. Pipe Plug for No. 3. ©" . Oil Pump Gear (driven). 


5. Nuts and Studs for No.3. Oil Pum Box 
6. Shaft. 


7. Lock Nut for No. 1. ie 
8. Nut for No. 1. . Bushing for Ne 48. 
9. Lock Nut for No. 2. Bushing for No. 49. 
10. Key for No. 1. . Key for No. 48. 

11. Key for No.2 . 86. Studs and Nuts for Oil Pump 
12. Set Screw for No. 9. Case 

13. Exhaust Case. 87. Sight | Gauge for No. 47. 

eS Pipe Plug for No. 13. . Pipe Plug for No. 47. nd) 
15. Ring for No. 59, Studs and Nuts for No. 47; 


Cock-Lubricating System. 
16. Lagging inside Ring for No. i 


. Tee-Lubricating System. 
‘ . Union=Lubricating System. 
17. or’ lagging. 
18, Steam Head. 


.Nipple-Lubricating System, 

. Emergency Butterfly Valve. 

19. Lagging-outside Ring for No. 
20. Lagging inside Ring No. 


Meo Body. 
. Stem for N: 
Stuffing Box ‘Gland for No. 
68. Closing: Spring for No. 64. 
21, ye for sides of Casings. 
22. ing 
23. Bearing Pedestal (upper). 71, Tripper for No. 64, 
24. Bearing Bushing for No. 23. 72, Catch for No. iy 
25, Cover. for No. 23. Bi Say and Nuts for No. eo 
26. Oil Deflector (upper). 
27.. Tap Bolts for Nos. 23 and 31. 
28. Tap Bolts for Nos, 25 and 33. 15. 2 Peta: 
29. Tap Bolts for Nos. 24 and 32. 76. Goyernor Spring, 
30. Set:Srews for Nos, 26 and 34. 77. Governor Stop Plug. 
31. Bearing Pedestal (lower). Relief: Valve-Lubrication on 
32, Bearing Bushing for No. eco 7. Oil Pressure Gauge; 
33, for 31. Nozzle.Valve (complete). 
34) -O1 “(lower): Wheel ‘for No. 80. 
35. Packing (stationary Head for No. 80. 
sleeve). 3. Bushing for No. 80. 
36. Wide. Shaft Ring for No. 35. Stuffing Box for No. 80. 
37. Narrow Shaft Ring for No. 35. 85, Stem for No. 80. 
38. Grease Cup for No. 35. - 86. Nut for No. 84. 
39. Studs and Nuts for No. 35. = Relief Valve. 
40. Labyrinth .Packing (revolving88. Body for No. wth 
sleeve). 89. Spring for No. 8 
41, Ring for No. 40. 90. Step Bearing (s. K F. Ball Bear- 
42. “ Bristo” Set Screws for No, 40. ing Co.). 
43. Drip Apron. for No. 90. 
44. Drip Pipe Flange. 92. Adjusting Nut-for No. 90. 
45. Oil Pressure 93. Nut for No. 92. 
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Fic. 2.—NozzLe, Rotor Reverse Bucket. 
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the machine up to speed:’ Keep an eye on‘the oil gage to see 
that oil’is circulating freely. A tachometeron the bottom 
end of the shaft gives a means’ of checking the speed. Allow. 
the machine to run at normal speed for sufficient time to’ 
determine that al] is ‘well; then bring speed up until emergency | 
governor trips. After the emergency has’ tripped and the 
machine has slowed down, reset the emergency: and: the ma- 


WW 
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next ‘section. t WHE 


“athe emergency governor, ‘Figs. and 4, is by'the 
threaded plug the point where the 
32 
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This plug alters the;relation of the center of: gravity! of the. 
piston to the center,of ‘rotation. ‘The closet the center of 
gravity of this plug is to the center of the shaft, the higher 

will be the speed when the emergency operates. Do not make 
the mistake of adjusting the governor adjusting bushing (12), 
Fig. 4, which holds the spring in position, for this will:change_ 
the amount that the piston comes out. By inserting a small 
stiff wire through the center of the governor stop plug (18) 

a slight pressure will force the piston out against the spring 

and the outward position of the piston can be checked. ‘yy 

piston should come out about %4 inch. 

The emergency governor should trip at sppihichpbale. ‘0b 
per cent. above the-r.p.m. marked on the name plate. The 
butterfly valve (64), Fig. 1, has holes drilled through it which 
prevent the turbine from shutting down entirely, even when 
the governor trips and the valve closes. Before resetting the 
emergency-gear, after it has tripped, it is necessary to allow it 
to slow to at least half speed. The emergency governor piston 
does not return to normal position until the turbine has so 
slowed. 

The emergency governor should be tested periodically $6 
insure its proper operation, and under no circumstances should 
it be disconnected or rendered inoperative. The peripheral 
speed of the fan at full speed is about three miles per minute. 
the governor: a great danger is introduced, 


PACKING. 


The is in Fig. 4. Itisa of Labyrinth 
- packing with piston rings, and the back pressure is maintained 
by the water seal in the grooves and around the rings. It is 
not necessary to lubricate the packing: When the blower; is: 
laid up for any considerable period, the packing should ‘be 
filled with grease. A grease cup is furnished on the upper 
packing for this purpose. To introduce grease. in the lower 
packing it is necessary to remove the drip. apron (43), Fig. J, 
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and connect the grease cup with the packing in the same rela- 
tive position as shown in the upper packing. 


BEARINGS, 


The main anil bushings are forced into the pictait and, 
to insure against their moving, are locked with a stud (24) 
before being reamed. If a new bearing i is being installed, it 
should be from .006 to .008 inch ‘in bore larger than the 


J 
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Fic. 4.—Skcrion Govsaxon AND 


BEARING. 


Shot 
. Packing 


Packing (revolving). 


. Ring for No. ‘4. 

. Wide Shaft Ring for No. 3. 

. Narrow Shaft Ring for No. 3. 

. “Bristo” Set Screw for No. 4. 
- Drip Apron. 

. Drip Pipe Flange. 

. Emergency Piston. 


. Governor Adjusting Basing, 
Governor Stop Plug. 
. Governor Spring. 
. Bearing Pedestal Gower), 
. Cover for No. 15, 
Bearing Bushing. 
. Oil ector, 
. Tap Bolt for No. 16. 
20. Drip Flange. 
. —16 tapped hate, for jack 


screw to remove packing. 
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Fic. 5.—Secrion Trust BEARING, ‘On Pomp, ann TANK 


1, Shaft: 
a Bearing Pedestal (lower). 


3. Bearing Bushing for No. 2. 
4. Oil Tank. 


5.-Oil Pressure Pump (upper 


and. Nuts for Oil 


. Chain for No, 10. 

Studs and Nuts for No.4. 
. Pipe = for No. 4 : 
Step. B (Ss: KF. Ball. Bear: 


ing 
. Step Bearing Set. | 
. Bushing for No. 20. 
Adjusting. Nut. 
Lock Nut for No. 22. 


case). 
6. Oil Pump “(lower 


case), 
7. Oil Pump Gear 
8, Oi! Pump Gear 
9. Oil Pump Stuffing Box... sire 
10. Cap for No, 9. ates Sight Gauge for No. 4...‘ 
11; Oil Pump Pipe return from Upper 
12. Bushing for No.7... nat Bearing. 


13. Bushing for No. 8. , ‘26. Oil return from Oil Relief 
27. Oil ine to Ne 
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diameter of the shaft. When pressing the bushing into the 
pedestal, the bushing is sometimes forced out of shape. For 
this reason an expanding reamer, according to the above dimen- 
sions, should be run through the bushing after it is in position. 

These bearings receive very little pressure except in a sea- 
way, when the ship motion causes,a gyroscopic action of the 
revolving element. The step bearing at the bottom of the 
lower bearing carries practically all the load, except in a sea- 
way as explained here. . This step bearing is lubricated by the 
overflow the lower bearing. 


The oil tank at the bottom of the machine should usa 
tically full of oil at all times. A “good ‘mineral oil, having a 
viscosity of 200 to 300 ‘seconds at {00 degrees F., ‘Saybolt, 
should be used. The tank should be drained and ‘the oil 
should be renewed at reasonable periods. The relief valve 
should ‘be set to maintain a pressure of bar ie 10 
pounds when the machine i is brine at normal speed. 
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ELECTRICAL APPLICATIONS. TO. MERCHANT. 
VESSELS. 


wd be 

It was natural that the practice of electricity dnould develop 
to a recognized stage of reliability on land before trials could 
_be made at sea. _That advanced engineers and progressive 


owners. were anxious to apply it to vessels of all kinds is seen 


“in the early attempts on “inland steamships. These attempts 
were sporadic and interesting purely from their electrical side, 
as for example, a case in which arc lamps were used only in 
the passageways because the arc lamp development was prior. 
to the development of the. incandescent filament. These ven- 
tures also reflect upon the poor methods which were then in 
vogue for the lighting of ships. The kerosene‘oil lamp had 
its competitors, but none of them provided a greater safety 
factor. This was probably the strongest point in favor of the 
introduction. of electricity. 

As far as historical investigation permits, the first real in- 


‘stallation of electricity, as stated by Rear Admiral C. W. 


Dyson in the May issue of the Journal, was on the Trenton, 
a steam frigate built in 1876. This installation was made in 
1883 and “she had the honor of being the first sea-going 
vessel, naval or merchant, to be so equipped.” Application to 
the merchant service followed rapidly upon the results of this 
trial and, although the materials for such installations were 
crude, as viewed from the skilled products of today, the bene- - 
fits derived were very great. The upkeep of these installa-. 
tions must have been extremely heavy upon the owner of the 
vessel and the difficulty of applying what were then doubtful- 
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experiments on land,’ must ‘have ‘caused’ much uneasiness to 
__ those in charge of the machinery of the vessel. Even today it 
is surprising. to consider the ease and reliability which the 
average. electric. plant. on, board ship performs, its. functions 
and yet. maintains the good opinion of the chief. engineer. 
‘This particularly, i in view of the fact that the chief engineer is 
called ; ‘upon to respond to vast changes i in the type. of main 
machinery. as well as many innovations in the design, of auxili- 
aries, His sources of information for the care and operation 
of the electric plant are very meager and yet he adheres to 
the importance of the application and is not, averse to. its. 
for power auxiliaries.  - 


“The Societies make special rules the 
lation of the electrical equipment. They are in their nature 
provisions against fire risk and preservation of the, hull struc- 
ture. It may be stated that the. Classification Societies will 
approve any suggested advancements that will tend to the end. 
of obtaining the most. perfect installation. There is a neces- 
sity for the coérdination of all the branches of applied science 
to the design of the perfectly equipped vessel. . 

The designer of the electrical. equipment, therefore, must 
have before him: 

1st. The requirements of the ‘Classifeatiod Societies, 

2d. The specifications of ‘the owner. 

The first limits him in those questions. which must fa stipu- 
lated as to the quality of materials and workmanship below 
which he must not descend. The latter give him those limita- 
tions which, the owner expresses in the expenditures ; and extent 

of installation desired for the particular trade in. which the 
owner intends to use the vessel. . Besides these two instru- 
ments, there are, certain, Rules. of Navigation. issued. ‘by, the - 
Government whose flag the ship is to fly, which must be com- 


plied with in er omissions or inadvertences in, the 
above-mentioned Rules. 
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ELECTRICAL DRAWINGS. - 


It is necessary for the draftsman to fave some comprehen- 
“sive idea as regards construction details and ‘materials’ before 
‘he is competent to lay out the electrical installation. |The 
‘usual practice is to have’ blue prints provided from the hull 
‘department Showing the general atrarigement of the deck of 
‘the ship. These drawings are usually ona one-eighth ‘scale. 
“From the owner’s specification the lighits, outlets’ for portable 
‘lights, and portable fans, and usually a rough’ location of the 
~ generators and switchboards, may be marked off in ‘red’ pencil. 
. Locations can now be selected “after due calculations for the 
proper distribution of the circuits for the distribution cabinets. 
After these matters are thus approximately settled, a tracing 
is-made on the reverse or glazed side of the tracing cloth show- 
“ing all the hall’ outlines and location of furniture in state- 
‘rooms, etc., etc. The tracing is then turned over and the 
electrical leads are first penciled on the dull side of the cloth, 
eventually being inked in after accurate calculations have been 
“made, sizes of wire, and other details approved. ‘These draw- 
“ings are naturally general ‘in character and are not dimen- 
‘sioned, as to do so would involve an expense not comparable to 
any saving in the actual installation on the vessel. ~The draw- 
‘ings, then, function in several ways: 

1st. As an agreement with the specifications of the owner 
and builder. 

2d. As a compliance with all the rifles and requitements of 
‘the Classification Societies. 


8d. As a means eo the porcasing of Proper Apparatus and 
Materials. 


“4th, As a ‘pile’ to the foreman ‘who is in ‘charge of i 
‘actual installation. 

5th. As a record both for the owner in the replenishment « or 
‘extension of his electrical plant or for the builder i in the event 
‘ofa repetition. 
miust be’ understood that’ bedditie of the general nature 
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_of electrical drawings, care has. to be exercised in the installa- 
tions to avoid interferences. with. the many. other important 
on. the, atten is. in 
(a) By, sites the installing 
the work. on vessel and, the drafting: room..,. These, two 
parties, ,have.together access to the. detail, drawings the 
to, the-hull structure and in so,doing comes in contact with. the 
foreman, in.charge of other installations. .'These parties) work- 
ving in harmony. the work instal- 


as present time. ‘The importance of any method’ rests! upon 
-its ability ‘to’ maintain the electrical conductors’ free» from 
-moisture/and the’ prevention of) the ‘copper ‘conductors: from 
grounding to the hull:of the vessel.» As the copper conductors 
~have'to be broken from’ time to time in order to: ‘accomplish 
‘the necessary distribution’ of ‘the current, it is necessary to 
consider not only the protection to the conductor, but also ‘the 
‘protection at the point‘of juncture; that is' to’say; that water- 
_ tight-appliances ‘must ‘be used wherever the electrical conductors . 
are broken or terminate. The two systems are known as the 
conduit system and tead-coyered, steel-armored' conductors. 
‘Weighing: the advantages of: the’ two systems solely on ‘the 
basis of ‘preservation of water-tightness, the advantages are 
_ greatly in favor of the lead-covered, steel-armored ‘conductor. 
as appearance’ is concerned, in’ the hands:of skillful 
mechanic; probably both systems ‘would: be equal! ::'In'the same 
odegree, the cost ‘of the two’ systems would: ‘equal!: The 
lead-covered, steel-armored conductor in itself is»more expen- 
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‘sive than ‘conduit and wire, but other elements a 
parity i in the cost of the total installation. 
It‘is customary conduit system to use the’ 
pipe on weather decks and below decks, but to employ wooden 
mouldings in the living quarters. This if anything makes an 
awkward job in view ‘of ‘the fact''that it is raré ‘to find men 
‘skilled in wood-working’as well as electrical work and would 
-requife, therefore, for the appearance of the ‘installation ‘to 
employ two different classes of skilled labor. On the other 
hand, lead-covered, steel-armored’ conductors are carried 
throughout the vessel and ‘require only one type of mechanic. 
‘The lead-covered, steel-atmored installations: have the ‘added 
‘advantage, upon which very little stress has been laid, that all 
the leads are exposed, and if any serious damage occufs to: a 
conductor, either internally or externally, its detection is im- 
mediate and its correction easy of attainment. The greatest 
disadvantage of; the: conduit system lies: in the fact that no 
means have yet been devised which will prevent condensation 
_ inside of the conduit, ‘The conduits must be run from,com- 
partments that are warm to compartments that are cool. |The 
structure of the vessel.is always such that: bends, usually short, 
must :be made in the conduit. In this way there will be pro- 
vided a. lodgement for the waters of condensation. which 
time will disintegrate the purest. of rubber'-insulations. and 
produce either.a ground or a short-circuit of unknown amount 
in the conduit. Attempts of various kinds have been made to 
avert this trouble and one that often suggests itself, namely, 
to put a pet-cock at the lowest point of a run of conduit. has 
failed to-produce the desired: result... The other: suggestions 
have all:-been of a nature that. ended to: 
or prohibitive first cost. 
The practical requirements a 
inhi installation for merchant vessels has not been exacting, 
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1, All galvanizing of steel conduits must be by the electric 


or sherardizing process.’ The interior must enam- 
-elled, or galvanized and'enamelled.) 


2. All bends: must be made 

8. No pipe fittings ‘to be used. 
5. Unions. to ‘have spherical ground joints, They» must 


have orie- face of the joint copper or bronze. The’inner sur- 
face. must be: smooth: must be made of ‘mal- 
iron, 


6. must be: installed at bends a number intro- 
duced in very long leads. ot 

_%. In vessels with engines located at requiring math fonds 
to the amidships house and forecastle, slip joints and loop 


‘boxes must be installed: This is a preventive the 


— of the ship breaking the conduits’ and the wire. 
8. All conduit Connections: finde with 


red lead. 


‘The ends of the condi must’ be reamed assem- 
10. The of wit palled into a given size 


“must ‘be proportioned ‘so as to avoid ‘the: use of erate” or 
-éccasion some severe strain on the wires. | 


Double-braided wire is required by Fire 


for’ conduit work. Single-braided may be used in molding. 


12." All conduit work ‘must be installed and completely se- 


cured in place before the wire is pulled in. 


 Lead-covered, steel-armored conductors were not manufac- 


tured in this country’ of the design now approved for’ marine 


work .until about seven. or years ago. Their introdué- 
tion was due to a requirement in’ the electrical prescriptions 
of the Argentine navy when that country was having built . 


two battleships of the dreadnaught class in this country. The 


Argentine navy had had some eight or nine years’ éxperience 
with this 5 Sgiage <A type of cable and their représentatives in 
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this country stated that on one of their naval vessels so 
equipped, no grounds in a cable had been reported for over 
seven years. Experiments also: had been deliberately made 
_testifying to the fact that a short-circuit could occur in all a 
cable without affecting the outer steel armor, 

This cable is made up by laying over the: rubber insulation 
~a sheathing of lead. A taping is then wrapped about the lead 
- sheath and very fine strands of galvanized steel wire of the 
- order of piano wire are braided on in what is called a :basket 

weave. This design provides all the requisite flexibility for 
handling during the time’ of installation serie: insures 2 com- 
watertight 


DISTRIBUTION. 


"The. average merchant vessel electricity, on 
lighting purposes and a supply. for the wireless. equipment. 
-It has been and is customary, to..use. direct. current for this 
purpose. Although trials were made of the single wire ground 
return system in the early days, it is now: the established prac- 
tice to distribute on a 2-wire system or, as it is otherwise 
“known, a complete metallic system.. Feeders are lead , from 
the main switchboard directly to distribution panels and from 
these panels branch circuits or. mains conduct the current to 
the various outlets. The National Board of Fire Under- 
writers established. the rule that no more than 660. watts. should 
be dependent upon one fuse and this rule has been generally 
adhered to in marine.work. The introduction of the tungsten 
lamp on board ship raised the question. similar to that brought 
forward on land. The Underwriters made a special ruling 
that 1,320 ampéres could be made dependent on one fuse if 


there were no change in the wire size. ‘That meant the elimi- _ 


_ nation of fixture wite—a practice that never .was common on 
ship board. ‘The fixtures always have been. of, spegiat design 
due to the nature of the application. 

Special inetaiations which: have been. enlarged fo 
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various motor auxiliaries’ have: naturally changed’ both: the 
methods of distribution and the kind of current: used. Instal-. 
lations have been made employing alternating current, 3-phase, 
60-cycle;' at 220 volts.» The standard direct current voltage’ 
has ‘always the application of alternat-» 
ing current has been in many ‘ways an advance over the use - 
of direct current. A 3-phase:alternating current requires’ the» 
use of three conductors and’ therefore introduces a: 3-wire’ 
system: In order to avoid losses’ due to inductive effect the. 
practice ‘has| been to design a 3-conductor cable.’ Economy: 
the installation has been secured in selecting a sizeof single. 
‘conductor that is the fair average:for the installation and 
using cables in multiple: where loads were excessive: - 


GENERATING. SETS: 


Inthe very earliest:daysiattempts were made to 
erator belted from the main propelling machinery and employ- . 
ing storage batteries during the standby period of the main | 
engines: “Obviously, this arrangement was short-lived. The. 
manufacturers ‘soon designed! reciprocating engine ‘sets espe-. 
cially for: marine service.» Upon the introduction of the tur-. 
bine, designs were early prepared to utilize the turbine as’ a 
prime mover for small generators of the direct current type. 
To produce good efficiency it was necessary to: resort to very. 
high: speeds occasioning much commutator trouble on: the 
direct-driven generator: Such equipments were: introduced a), 
few years:ago on ‘a commercial basis and, upon their intro-.; 
duction, seemed ‘likely to‘succeed. The trend of the practice, 
however, ‘has been against their introduction ‘and again has | 
reverted to ‘the: reciprocating: engine as ‘a prime mover. Re-. 
cently there:has been’ offered: a small geared outfit, the. 
application ‘is ‘still untried and, no. comments can 

A‘merchant ship of moderate: size, 6,000. 8,000. 
tons,' having: only ‘a ‘lighting: load; ‘will. require from 15 to 20: - 
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kw. capacity. For marine service! it.is an. accepted: require-, 
ment’that ‘the generating unit should be duplicated so 
merchant vessel of the size indicated would carry two units of 
15. to 20 kw. capacity. Where a power load is required. in. 
addition to the lighting réquirements, there would naturally. 
be a considerable increase in the size and number of the 
erating sets: Theirequirements here will depend largely upon. 
the extent of the motor applications and the load factors in. 
both the sea condition and the shore condition. In one of the 
recent installations onan. oil tank vessel: the oil pumps, the. 
windlass, steering gear, forced-draft blower, and other minor 
engine-room auxiliaries were run by electric motors. This 
vessel was equipped with two100 kw. alternators. 


SWITCHROARDS. 


There are two general methods that. been in 
connecting the generating sets to the various circuits through- | 
out the-ship.. These two methods, obviously, affect the design 
of the switchboard as the switchboard functions as a control. 
and as a distributor of: electrical energy. One method con- 
nects the two: generating sets in parallel, the current is then 
fed into a common set of bus-bars and: from: these: bus-bars | 
lead all the individual circuits. "The other method the gen-. 
erators are connected: independently to:a»separate set of bus- 
bars and each feeder circuit is provided: with a connection to. 
each bus-bar through a double-throw switch. ‘This would seem . 
at first sight what it really: is,:a pure matter of mechanical 
manipulation. be ‘sure, the question remains:as.a matter 
of personal preference in a very large degree. It is quite a 
simple matter to parallel two small direct current machines, 
especially as the manufacturers have.so: well standardized this- 
apparatus that there is very close agreement in the magnetic. 
characteristics of the generators. If, however, mistakes are. 
made’ during the operation of: paralleling there is danger of 

damaging one’ or other of the two:generating sets, run-: 
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ning, the: two. generators on, two separate ibus-bars this, danger 
is entirely obviated and the: methods employed for ‘the pre-. 
vention of such an accident resolves. itself into a small, addi- 
tional in the. manufacture of. the. 


LIGHTING FIXTURES. 


the spaces on. exposed decks a 
water-tight fixture, provided with a guard is installed... This. 
fixture must, be able to, withstand. fairly continuous vibrations, 
as well as accidental mechanical blows. Ati is considered that: 
too much stress has been: laid on the use. of the guard in many 
of the locations, but this, practice, has obtained a. certain tra-_ 
dition which, in a number of cases, is the only excuse for 
retaining the guard. In coastwise packet steamers, where the 
lower decks are used for package freight and therefore require 
a general, illumination, throughout t these, ‘Spaces, the same fix-_ 
ture has been located between the transverse beams and directly 
under them light narrow strips of, steel are placed longitudi-_ 
nally from beam to beam as a further protection. The bulk 
sea-going. freighter carries water-tight receptacles in the 
vicinity of the cargo hatches into which may be plugged ; 
portable catgo projectors. These cargo. reflectors are made 
in the form of an inverted dish painted’ with white enamel 
and having from four to six incandescent lamps. The same 
fixture. ‘makes an admirable gangway light. In the living 
quarters. are installed neat metallic fixtures mounted usually 
upon, wooden. blocks. having a ‘single incandescent lamp pro-- 
vided either with a globe, a shade, or a frosted lamp. Usually : 

a single fixture in the center of the stateroom is sufficient for 
general lighting. ‘The officers’ cabins have an additional 
outlet, for either a portable desk light ¢ or a permanent bracket 
fixture. is ‘installed over the. desk. Ordinarily, these state- 
room lights are controlled by, a. ‘snap ‘switch near ‘the cabin 
door. Recently, however, it, has become a. requirement to 
install an automatic door switch i in order. to insure. that the 
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i - ‘lights are extinguished when the occupant has lett the cabin. 
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‘The navigation lights are°all controlled by a special auto-' 

matic tell-tale located in the pilot-house.' This: apparatus 
so designed that with two lamps in each of the navigation: 
lanterns an audible and visible signal is‘ given on the tell-tale: 
in the event that the lamp in the lantern. goes out. By means 
of a throw-over switch the auxiliary lamp in the lantern is 
thrown into circuit and if all is well the signals on the tell-tale 
cease their indication. In this connection, though not purely’ 
a navigating light, a lantern is carried on a pole about ‘eight 
feet above the’ pilot-housé, in the lamp’ cirewit of which’ is 
introduced Morse key. By aid of this key the captain 


SEARCHLIGHTS, 
‘With rare ‘exceptions cargo vessels carry one 18-inch pilot- 
house control searchlight, located on the top of the pilot-house 
and ‘manipulated from within. A special feeder is carried up 
from the main switchboard after having passed ake = an 
adjustable resistance located near the switchboard. This 
feeder is broken in the pilot-house by a knife-blade switch so 
that the searchlight i is always under the direct control of the 
navigator. Searchlight mechanisms have always been of the 
horizontal arc type with a magnet, ratchet, arc control. This 
mechanism has ‘been found in some cases to work quite satis- 
factorily and in other cases there has been a great deal of 
complaint. "Attempts have recently been made with some 
degree of success towards the use of a high-powered tungsten 
incandescent lamp with a special projector filament. Un- 
doubtedly,, a projector ¢ of this type will be far superior for 
use in the merchant service than the arc-lamp type. “The 
former would require merely the replacement of a new lamp 
not requiring in the circuit any wasteful resistance, while the 
former upon derangement of the mechanism requires some 
one quite well skilled in electrical. apparatus to make the i 
sary and adjustments.” 
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_ INTERIOR COMMUNICATION. 


In areata where the crew live and where no watchmen ate 
provided on continuous duty alarm bells are required by law. 
These alarms are actuated by a switch in the pilot-house. 

A small annunciator system with push buttons in the mess 

rooms officers’ quarters is. foe the of 
the mess boy. . 
Telephones of a special type, are, in ‘the 
navigating bridge, and communicate directly with the engine 
room. , Besides these essential points, of communication, cer- 
tain types of, merchant. vessels, carry an iii 
phone, system between. the principal officers’ cabins.. 

_ It is. customary. to. still adhere to the. use of; voice. tales a 
auxiliary communications between, the pilot-house, navigating 
bridge, and engine room, except that the law. requires,a tele- 
phone in case the distance from the nileanawes to oe engine 
‘room is, more than 150 

_ Mechanical engine telegraphs are for 
‘mitting. the orders from. the, navigating. points,.to the engine 
room... These, telegraphs are operated by. means of wheels 
driving chains in the instruments and connected by low brass 
-wire conveyed. over small pulleys from one instrument, tothe 
other, . Electrical telegraphs. for this. same purpose have never 
met. with, favor in the merchant service and up to the present 
time it would seem that no reliable,and economical apparatus 
_of an, electrical nature has been devised.. As an.auxiliary to 
engine telegraphs. many. owners of merchant, vessels insist 
_upon, the installation of an engine gong and jingle) bell... These 
be. used in case of derangement of, the main, telegraph. 

A, mechanical whistle-pull for, the main: whistle, is. always 

“required. even when the vessel is also equipped, with electrical . 

means: for blowing the whistle. There, area number. of, very 

_ good, glectrical automatic steam-whistle equipments ..on. the 

market today. ‘They are generally arranged to accomplish,.an 

intermittent blast of the whistle for use in heavy weather. 
33 
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They can also be adjusted so as to provide blasts for indicat- 
ing that the vessel is being. toned by another. 


afte: ELECTRICAL PROPULSION. 


~The scope of this article will not permit an exhaustive dis- 
cussion of the application of electric motors for propelling 
vessels, but it would seem necessary in treating of the appli- 
cations of electricity to briefly state the developments in this 
field within the last few years. Just prior to the war Sweden 
produced some small vessels for the coast trade propelled by 
electric motors through gear reduction. The fundamental 
-reason for this installation was the large reduction in fuel 
‘due to a specially designed turbo-generator using very high 
‘super-heat. The success of these -vessels, however, added an 
impetus to the application in this country with the result that 
‘there are now building on the Delaware River two vessels 
which will be the first of the purely merchant type that will 
be electrically propelled. The prime movers consist of steam 
‘turbine-driven generators supplying current for two 1,500 
horsepower alternating current motors which in turn transmit 
‘their power through reduction gear to a single propeller. It 
‘is expected that these vessels will show a greatly reduced fuel 
- ‘consumption, but the point of greatest interest to the electrical 
‘engineer will be the simplicity of their operation. The details 
‘of the electric ¢ontrol are extremely interesting. The vessel 
‘is maneuvered by a simple controller ‘giving three speeds in 
‘each direction: “ The actual control is entirely automatic and 
“the controller’ may, ‘therefore, be placed in any desired posi- 
tion in the vessel. “This installation, though a developinent in 
“itself, is not considered ideal. It is hoped that ‘the ulti- 
| Mate design of electric ‘propulsion will eliminate mechanical 
‘gear reduction and permit, as in the case of the U.S. S. 


Jupiter, direct = motor to Propellor 
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CONCLUSION. 


It is evident to all those interested in the application of 
electricity to overseas transportation that the field-is extremely ° 
promising. In these particular days of the rapid construction 
of ships resort must ultimately fall to every conceivable method 
that will hasten the completion of the ship. The speed of 
production in the’ ‘manufacture of steam appliati¢es for the 
ship’ program has’ been arid is most’ remarkable. If these 
resources continue it may ‘be’ that ‘electrical ‘applications ‘will 
remain in the same state, but it is the belief of a great many, 
that under present emergency conditions, electrical’ apparatus © 
combined with’ oil engines may yet play a vital part in the 
hastening of supplies across the North Atlantic: “That labor 
and materials which are not ‘being utilized now can be ‘so 
moulded into shape as to’prodtice the requisite power for ‘this 
purpose can ‘hardly ‘be disputed, and ‘without question such 
designs of propelling machinery would not’ have to be excused 
_ upon the’ basis of their experimental nature or'the fact that 
tradition will not permit of their employment. As a matter 
of fact, such combinations have long ‘been known by the cal- 
culating’ enginéer to be more fruitful of safety, smooth’ run- 
ning, and economical operation than many of the’ combiia- — 
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"SAFETY AND 1 RELIEF VALVES* 
_ By M, W. Link, 
_ Safety and, are employed to, prevent pressure 
from rising above the designed working pressure in.the various 
units and pipe lines. Safety valves, are used for vapors and 
gases, such as steam, air, etc. Relief valves, are used for finide 
such as water,oil,etc.. 
Huddling or Pop, sh. safety should 
an adjustable pop or huddling chamber. located between, the 
valve seat and the atmosphere... Its. function i is to. give the 
valve a popping, action; that is, when the yalve relieves, the 
escaping steam. is temporarily confined in this chamber before 
escaping to the atmosphere. This temporary confinement in- 
creases the upward, load against, the spring, thereby causing 
the disc to lift higher; and after a predetermined drop in | 
pressure in the boiler, the valve closes witha slight. snap...» 

The adjustable huddling chamber should be concentric with 
indie in all positions. .The adjustable mechanism should be 
located preferably so:as to be free from corrosion, scale, etc., 

Relief valves do not require a huddling chamber of the same - 
type as a safety valve, the energy of the moving liquid being 
utilized to assist the valve in lifting, and to help in reducing 
the drop in pressure before closure. 

Many types of water relief valves have no huddling cham- 
ber, and, owing to their simplicity, are preferred to the more 
complex types. They lose considerable pressure before closing. 

Snifting and cylinder relief valves, for a mixture of ‘steam 
and water, require a different form of huddling chamber than 
do valves for steam and cold liquids. When called upon to 
act, they must give instant relief to a considerable quantity of 
steam and water. 


*Courtesy ‘‘ Marine Engineering.” 
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_ Springs.—For H.P. marine work’ outside springs are ‘used; 
inside springs, where used with superheated steam, should be 
encased; for compressed air pops; ‘either inside ‘or outside 
springs are used; for water relief valves inside springs should — 
be used wherever the relieving and closing pressures are im- 
portant and must be maintained: “Cylinder relief valves should 
have enclosed springs. Ammonia relief valves, and valves for 
similar work, should’ be of the enclosed’ type to prevent the 
escape of fumes, and the valves should be all iron or steel. 

‘The length and number of free coils should be such that 
there is no danger of the spring being compressed solid ‘while 
the valve is discharging under over-pressure conditions. 
Springs for steam and hot water ’service should be capable of 
being compressed solid and should return to. within 03 ssid 
of original length. 

Spring proportions ( diameter=' 5 x 
diameter of stock. 

The valve being set, the must sufficient 
ance between coils to allow further compression equal to 10 
per cent. of valve seat diameter. Steel springs for steam 
should be drawn at a temperature of about 600°. F. (500° 
minimum). ‘The ends should ‘be 
with the center line of spring. LG 

Stems.—Single piece give the best Pop for 
steam, air and high-pressure water should have a single’ stem 
extending from the disc to the outside of valve bonnet.’ 

To prevent bending, crystallization, wear at the 
safety valve stems should be'of steel. 

The ‘design of huddling chamber governs: the 
stem end in the disc. Locating the stem end a distance equal 
to %4 the diameter of valye below 'the bearing on the seat gives 
good results, although some ‘types of’ flat seat safety: valves 
with the stem erd above the seat bearing are giving good 
results, For ‘water ‘relief: valves, ane ‘stem: ‘the 
the valve keeps tight in'service, 

Disc Guides are of integral type that assists. the Hiseto: find 
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its seat, ‘The multiple wing or feather guide is the best type, 
suffering less. from rapid wear than the single round or center 
guide. Where scale forming solids are present in oil, exhaust 
_ steam or water, center pin guides are preferred. . 

Clearance between guides and bore of: valve tushing of 
steam valves should be approximately .01 inch. Water and 
oil valves may have more clearance. The valve bushing bore 
and the wing guides must have an absolutely smooth finish to 
prevent rapid wear, chattering and leakage. | 

_ The Relieving. Capacity of conventional types of water re- 
lief valves do not vary much. On the contrary, the relieving 
capacity of pop safety valves of the same size, but of different 
designs, vary widely. (Tests made by P. G. Darling, mem- 
ber A. S. M. E., also by W. Link, ‘Valve May, 
1914.) 

The general results of both these deste were the same, viz., 
a wide variation in relieving capacities for different designs 
was demonstrated; two 4-inch valves differed by as much as 
600 per cent. The-relieving capacity is 
to the lift. 

This feature was recognized by the Role Code Comsainnen 
of the A. S. M. E./in the formation of their National Boiler 
Code. The Board of Supervising Inspectors recognize no 
fixed relieving capacities for safety valves. 

Twin Valves, that is, two single safety valves mounted on a 
twin base, are the safest and.best type (see Fig. 1). Duplex 
valves (Fig. 1), that.is, two sets of trimmings in one body, 
are popular for marine use because but one joint is required 
between the valve and boiler... Being more liable to warp than 
twin valves, they are more difficult:to keep tight. — a0 
quadruplex safeties are not used in marine work. | 
Lifting Gear.—The spring and; disc of all, steam 
deavlsi have outside lifting gear so that the disc may be 
raised from its seat by. this outside. lever an amount equal to, 
4 valve diameter when working under 75 per cent, popping 
pressure, Lioyd’s Rules. require valve arrangement,so that - 
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disc. may be ground by ‘turning stem. from. the) outside of 
valve, and a device that prevents spring from being com- 
pressed beyond: the original set pressure, when the valve: is 
locked. This last should be standard for all H.P. safeties. 


DUPLEX 
Fic. I. 1.— TWIN AND DUPLEX 


“10 Main 20 Key. 

21 Stem Nut. 
4 Auxiliary Disc. 13 Stem. a 

5 Encasing Sleeve. justing Screw. _. 

6 Auxiliary Spring. 5 Adj. Screw Encasing Sleeve Lock. 
7 Stem and Disc Pin. li : 


$ Auxiliary Nut. sever Hub, 
Spring W: 28 Sprit 


All the features of a well-designed HP. ‘high capacity 
safety are shown in Fig. 1-A. :8-inch duplex:valve, having 
the design as shown, has a: discharging capacity of 26,500 
pounds of'steam per hour at 200) boiler 3 
per cent over-pressure rating. & 
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Brass Safeties for saturated steam ate generally made! with 
a male thread on the base. Flanged and female-threaded 
bases should be avoided as the former spring easily ~when 
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reg —H. P. Valve.’ 
~ 1 Body; Iron or Brass. 
Seat. 


20 Wheel Nut, 


bolted i into place, arid leak after short: service. The 
general design of brass pop should follow that of the iron 


valve, Brass pops should not be used for H.P. baile in sizes 
(see Fig. 2). 19195. 
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3 Regulating Ring. 13 Spring. 
Bonnet Bushing. Adj, Serew Lock Nut. wate 
8 Bonnet. 18 Adjusting Screw. 
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Fic. 1-a.—H.P., Capacity SaFEty. 
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Relief Valves for Hot Water—For HP. the design shown 
in Fig.'3, with adjustable blow-down is the best. For medium 
pressures and small sizes, the design shown in Fig. 4 is recom- 
mended. The blow-down is about 20 per cent. of set pressure. 


© © 


Fic. 4.—RELIEF VALVES FOR ORDINARY WATER AND OIL, PURPOSES. 


Fic. 5.—SNIFTING | Fic. VALVE RELIEF 

1 Base. Poe 

2 Body. ; 

3 Disc. 

4 Spring Washer. 

Snifting and Cylinder Relief Valves thust be extremely 
simple. Fig. 5 shows a design that has been in successful use 
for over 25 years. 


_Back-Pressure Values, Fig. 7, should contain the following 
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features for successful operation: (1) Outside spring; (2) 
Hand-wheel control; (3) Stuffing box on vacuum side; (4) 


IN 
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popping action. 
‘Testing Valves. Precautions : (1) ‘Be sure thie ‘test gage 


‘ 3 
j Adjustable back pressure; (5) Huddling chamber to give. | 
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is accurate; (2) See that the valve is clean—absolutely clean; 
(3) Test water valves with water and steam valves with 
steam or air (not water); (4) Thoroughly understand the 
valve being tested; (5) When testing have enough steam or 
water to meet approximately the discharging capacity of 
valve under test; (6) Do not lift disc of a steam safety from 
its seat when cold; (7) Always install — and relief valves 


with the stem in vertical position. 


MATERIALS OF VALVE PARTS. 


Kind of valve. Bonnet. Stem. 


Disc. 


Valve seat. 


rheated steam, (Cast ‘orged steel... 
ed steel... 


Monel metal...) 


--| Hard bronze... 


Comp. 


Hot-water relief os Rolled bronze 


~{Comp. bronze 


IComp.....+. Rolled bronze... 


.(Comp 


‘Comp 


pring steel 
steel 
Comp. 


iComp. olled bronze. 


P 
‘Comp 


steam Rolled bronze. 


Hard bronze to be equal to U. S. Na 
Composition to be equal to U. S. Navy 


G. 


Rolled oe to be equal to rolled Tobin W. bronze. 
sees aes ing to be drawn at 600° F. or more. 
to be drawn at 400° F. or more. 


Duple Monel metal..jCrucible spring steel 
Duplex Monel metal...\Crucible spring steel 
steel 
2 


FUEL-OIL TESTING PLANT. 


st 


BOILER-TUBE SCALE; ITS REMOVAL WITH KERO- 
SENE AS PRACTICED AT ‘THE FUEL-OHL, 
TESTING PLANT. 


By Aupert M. PENN, LikuTENANT COMMANDER, Be 
MEMBER. 


_ To better appreciate the success obtained with the following  . 

method of removing boiler scale by boiling out with kerosene _ 

a brief description of the existing conditions is advisable. 
The boiler in question is a modified type of White-Forster, 

with superheating units located in the center of each bank of 

tubes. The following particulars will serve to acquaint the 

reader with the size and proportions of the boiler : 


Water-heating surface, square feet 

Superheating surface, square feet 

Size of tubes (109 mils thick), O.D., inch 

Number of tubes. 

Diameter of steam drum, inches 

Working pressure, pounds 

Average superheat at high power, degrees F 


When boiler evaporative tests are conducted the steam is 
discharged through a battery of mufflers into the atmosphere. 

As a result, all feed entering the boiler is fresh water. The 
water used is taken from the supply mains of the City' of 
Philadelphia. 

It is obtained from the Delaware River and is filtered by 
the City filter plant at Torresdale. The following is a repre- 
sentative analysis of this water after filtering; expressed in 
parts per million by weight : 


512 
7,565 
153 
751 
1 
4,032 
54 
4 280 
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Suspended matter 
Chlorine, 0.34 equivalent i in ‘grains per gal. 


Alkalinity, 008% normal alkaline strength. . peeetegers| 

This is considered excellent boiler water. The chlorisie is 
‘less ‘than the amount that usually exists in. distilled-water on 
board ships, where 0.5 of one per cent is considered. very 
good, ‘The alkalinity test on board ship, is ‘not ‘sufficiently 
sensitive to show any alkalinity. As a matter of comparison, 
a 0.1 of one per cent normal alkaline etree is Sieenieyt to 
106 parts in a million. Brae 

From the above it is concluded that me quality of the 
water cannot be blamed directly as it contains no suspended 
matter and the Solids i in solution represent only 74 parts in a 
million divided between chlorides and TNE ‘which i is very 
low. 

Most of the high power evaporative tests were run at rates 
near 120,000 pounds of steam per hour. Assuming this as 
the amount of fresh water entering the boiler each hour as 
a the deposited per hour was calcu- 


a day: of 24-hours, - hoarse that 25 per. soa was deposited 
on the tube°sitfacé hard scale, 54° pounds would be 
formed for every 24 hours: running. From observations in 
the boiler and inspection of tubes removed, the greater. part 
‘of this was ‘deposited in the lower half of the fire rows, Under 
test conditions at the ‘Testing Plant the furnace temperatures 
and the rates of evaporation are more severe on this boiler 
than is generally encountered in practice on board ship. The 
deposit of scale from the water is also more rapid due to the 
large amount of fresh’ water passed the boiler. 
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After a number of tests the furnace side of the two’ fire 
rows of tubes showed pronounced indications of burning. 
This continued on subsequent tests, even though frequent boil- 
ing out with boiler compound was resorted to. Boiling out 
with Navy Standard Boiler compound had no appreciable 
effect on this orale... The percentage of normal 


TUBE CLEANER 
of Fluted S02 OF TUBES 1° 
OF ROTATION 2000. PM. 


was kept at ‘nearly double that specified i in “gon ingtruc- 
tions. Each. Hine the boiler was given a surface and bottom 
blow, more. compound was added through the. feed to 
maintain, the above percentage of alkalinity. Se 

. Mechanical cleaning of the fire rows, was attempted. foot 
nary brushes and ‘scrapers failed utterly, _ Several 
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types of rotary cutters on flexible shafts were tried. 
Sketch, Figure 1, shows the final development of the high- 


speed rotary cutter that proved to ‘be the best’ mechanical 
cleaner. ‘The rotor had an average speed of approximately 
2,000 r.p.m. while cutting. Under no load it increased to 


about 3,500 r.p.m. A flow of water was’ found necessary to 
lubricate the flexible shaft and ‘carry off the heat generated. 
It also served to wash the scale down the tube as it was cut 
off or dislodged: 
rotary cutter had to be for the 
two reasons: 
(a) The life of the flexible shafts was so short that the 
cost of repairs was prohibitive. Also considerable time was 
lost in making repairs. On account of the small inside diame- 
ter of the tubes, the shafts, knuckle joints and cutters could not 
be made more substantial. 


_ (b) The time required to thoroughly clean euch tae y 


this method was too long for practical consideration. 


_ METHOD OF BOILING WITH KEROSENE. 


“The thllowing method of boiling out with siavdiae oil was 
resorted to and most excellent results were obtained. Photo- 
graph, Figure 2, shows how thoroughly the scale was 
removed. The steaming oil vapors apparently worked in 
between the metal of the tube and the layer of scale and com- 
pletely separated them. The fine lines formed in the tube 
when cold drawn were transferred to the convex side of the 
layer of scale. This is plainly visible in the englised photo- 
graph, especially so when observed with a magnifying glass. 

The sections of tube included in the PROPER one 
show the damage caused by this scale. 

In boiling out with kerosene, the boiler was emptied, 15 


ilee of kerosene were poured into each lower drum, through 
' the fire rows. of tubes from the steam drum. This is readily 


done by using a eS, made tin, funnel with spout. bent to 
clear feed lines. 
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A one-inch steam line was connected to each lower drum 
through ‘the bottom blows. The pressure on the boiler siip- 
plying steam was maintained at. approximately 100 pounds. 
‘The, valves on the one-inch steam lines were .opened wide, 
allowing a full flow of steam into the bottom drums. . The 
air cock, was left open until all air had escaped. It was then 
closed and the pressure in the White-Forster was allowed’ to 
build up. It reached a maximum of 50 pounds after several 
hours, the condensation prevented it from going higher. - 
_ | Steam was allowed to flow in arid condense until, the water 
glass was 34 full; this required approximately 23 hours for 
the White-Forster boiler... The steam was then shut off and . 
lines disconnected... The bottom: blow lines were 
connected up and all the water was blown: down. 

The drums were then opened and inspected. When: fist 
bape the hot oil vapors were very. strong and. pungent. 
Large quantities, of scale had collected in the bottom drums, 
most of it. was in as shown in photograph, Fig- 
ure 2. 

Subsequently, tiibés were stented from the boiler and cut 
up into sections. The steam side was beige and’ devoid of 
scale. 

- Care must be taken, after boiling, to ensure that all loose 
scale is washed out of the tubes and removed from the drums. 
If time permits, the tubes should be searched with a gauge. 

“At the Fuel Oil Testing Plant a disc secured on the end of a 
rod bent t6 the curvature of the tubes is used for this ee. 
This disc was given a clearance of 1/64 inch in a new tube. 

“From observations made ‘on the White-F orster boiler the 
conclusion has been formed that loose ‘scale left in the tubes 
frequéntly’ causes ‘serious local burning of ‘tubes and also 
creates blisters of black iron oxide to form on the water side. 
The combination of the two apparently produces unusual local 
over-heating and the tube ‘bursts with considerable violence. 
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A section of a burst tube is shown in the photograph. When 
this tube ruptured, the force was sufficient to drive it up to 
the fourth row of tubes. 

Prior to boiling out ‘with kerosene, the deposited scale was 
distributed in a continuous layer along the Jength of the, tube 
and ‘securely adhered to it. This layer was thicker near the 
lower end of tubes and on the water side nearest the fire. Its 


ayray in on furnace Tn: time 
the metal of the tube would become so thin that i it ‘would “split. 


id 


split, no sound is heard, hey can. only b be. by 
looking i inthe furnace. 
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en tubes Durst, a loud report resembling hiiting 


THE BALANCING OF HEAVY ROTORS. 


THE. BALANCING OF HEAVY ROTORS.. 
rst or ENGs,, M. W. Torset, U.S. Coast Guarp. 


“In general, the running. of an unbalanced engine or ma- 
chine provokes its supports to elastic oscillations, and adds a 
grinding pressure on the bearings, and the obvious way to 
prevent these undesirable effects from happening i is to remove 
the cause of them, that is to say, ima the moving parts 
from which the unbalanced’ forces arise.” 

- From Preface to “ The Balancing of Engines,” Ww. E. Dalby, 
1902. 

From the standpoint of the operating engineer the rotating 
elements of a machine are in balance when the centrifugal 
forces and couples produced by the rotation of these elements. 
produce a certain desired minimum variable stress in the 
foundation or supports of the machine in question. - The nicety 
of balance to be found in a gyro-compass is not expected or 
required in a heavy slow-speed rolling-mill engine, but the fact 
that a propelling turbine has run quietly and without vibra- 
tion over a considerable period of time would indicate that 
the balance obtained by the builder had met all necessary re- 
quirements. ‘To use a venerable expression—“ the proof of 
the pudding is in the eating.” 

From the mathematical standpoint the rotating elements of 
machines, excepting gyroscopes, fall into the class of the rigid 
body with fixed axis. As such, the six equations of motion of 
the rigid body are 


(t) 
(2). 


m 
dé : 
= 0 
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on) = Hy 


(Games 

where X, Y and Z are components parallel to the’ x, y and z 
axes of the resultant of all the external forces acting on the 
body, and, taking the + axis as the axis of rotation, Hx, Hy 
and Hz are the components. of the- resultant couple H found 
by reducing all the. external forces, for the origin of codrdi- 
nates and taking components, of ths in the yz, and 
ay planes respectively. 

. These, six, equations, of motion Sco first, that the worst 
possible condition. of unbalance in a rotating rigid body, can 
be reduced to a single resultant force and a single resultant 
couple; second, that the resultants ofthe reactions (bearings ) 
- area single force and a single couple, each equal and opposite 
to. the resultant, unbalanced. force, and couple of. the rotating 
body,; third, if the forces, acting upon the external support are 
to be unvarying, the. forces. applied to. oppose. the disturbing 
force and couple may be directly applied to the. rotating body 
itself, or to the reactions (bearings) themselves, or to both. 
Familiar applications of the, last principle are the counter- 
weights. of,.crankshafts, the.‘ squirrel-cage” of the. earlier 
Akimoff Balancing Machine: andthe, Teciprocating bob- 
weights” fitted torpedo boat, in. Yarrow’s 

the. case, of: which require balanced rotating 
parts,. the..designer, takes, particular, pains to insure that the 
mass, of, the, rotors will, be. symmetrically disposed about the 
axis of rotation, and that. the material will be. sufficiently rigid 
to maintain this. symmetrical, disposition. In general, - 
ever, materials are not absoiutely homogeneous and small 
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errors creep into the most careftthmanufacture; the axis of 
symmetry is then not incident beset ‘the axis of rotation, and 
the disturbing forces are the forces" 
R= Mr ‘ 
and the couple ..___ = 2 


where r is the pergendia distarite® from the center of, 
gravity, to. the) axis, of rotation, M == or the. mass: of, the 


rotof, is the angular velocity measured’ in radians 
per second and is the moment of the 
‘Furthermore, in Spite of the fact’ that’ the force R= Mews 
and thie couple H = deperid on geometrical configuration 
and mass disposition, the existence is’ ‘independent of 
the existence of the other; that is to say, ‘either,’ ‘neither or 
both may be ‘zero, ‘either ay’ be Héutralized without neuttaliz- 
ing the other, but ‘heutralizing ‘affect the of 
Since’ ‘balance or unbalance’ upon ¢on- 
figuration and mass disposition, good balance’ upon 
excellence of design and’ acturate ‘shop ‘practice.’ Obtaining 
good balance involves only the application of ‘well-established 
engineering principles and can in no be use 
of any particular instrument or machine. 
Suppose, first, that the force R = and the 
H have been located, identified and meastiréd,’ and’'re- 
membering that a> ‘foree ‘is located and identified ‘when its 
intensity” and line Of action are known, and‘a “couple when: its 
plane of action, sign and moment’ ate known, the means? for 
obtaining complete balance can be calculated. “Referring” to 
Fig. 1, which represents a body rotating“about an’ axis ‘A B, 
the cénter of gravity of the body beiig at a'distance’r from 
the axis and distant the lengths a’and from’ the’ reactions 
A and B respectively, the unbalanted force is R Mr and 
the” components of the Teactions’ A’ and 


— 
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B; = +Mrw sind 


‘Mg i). Mg cotistant’ and depend only 


DIT Be starts 


“upon: the weight of the; rotor.and the distance. of the supports 
OF gravity: The quantities "Mr 


sin 6, 5) sit @ and 
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Mr w? (ta) cos @ are variable and depend not only upon 


the weight of the rotor and the distance of the supports from 
the center of gravity, but upon the eccentricity of the center 
of gravity, the angular velocity, and the instantaneous position . 
of the center of gravity. 

The factors sin and cos 6 appearing in all 
four of ,these expressions indicate the corrective measures 
necessary. First, a mass m’. ata distance r’ from the axis 
may be removed from the body in the axial plane containing 
the center of gravity, m’ and 7’ being so taken that m’r’ = Mr, 


then — =0, the factor Mr reduces to zero, 


and the axis of rotation contains the center of gravity. Sec- 
ond, a mass 1” at a distance 7” from the axis may be added 
to the body in the axial. plane containing the center of 
gravity, m’” and r” being so taken that mr” —— Mr, then 


the same effect as before. 


These two methods are in everyday use and are known as 
“lightening the heavy side” and “ weighting the light side.” 
In the cases of rotors having turned cylindrical or conical 

surfaces, particularly in electrical machinery and steam tur- 
bines, it is generally undesirable to. remove or add one mass 
to correct static unbalance. In such cases Masses are gener- 
ally added and secured at the ends of the rotors to the 
“spiders” or “ wheels” upon which the rotor is built, the 
masses being so proportioned as not to disturb the running 
balance. Consider the cross-section of a turbine drum shown 
in Fig, 2, N and O being the added balancing masses placed at 
distances n and o from the plane of the center of gravity © 
and at such distances from the axis that Np + Og—Mr. If 
‘there is to he no couple introduced, further conditions must be 

Mrn=—Og (n mi 0), 

Mro==-—Np (m+ 0), 

Oqo= —Npn, 


- 
4 
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from which 3 re 
(12) = therefore, in correcting static unbalance, 


if masses are added at the ends.of the rotor, the ratio between 
the radial moments of these masses must be inversely propor- 
tional to the axial distances of the masses from the center of 
gravity of the rotor. Failure to provide this condition is 
believed to be for: cases serious. 
unbalance. 


“When added masses do not introduce 
Mrn= - Oln+oly Mro = —Npn, 


whence <2. 


Referring now to Fig. 3, which a rotating 
about an axis AB, the body being statically balanced, but hav- 
ing a couple Fp = kw?p, equal to two opposing parallel forces 
kw? separated by a distance p, and located in a plane making 
at any given instant an angle g with the horizontal, then the 
components of the reactions A and B are . 


| 4 
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wf 


such, a: couple is ionly necessary to. 
the rotating body, on opposite sides! and at a distance apart 
p’, in the plane of the disturbing couple, two masses m’”’and — 
m’”’” at distances from the axis r’” and r’”’, so taken that 
under. which. . condition. sunning. 
ance is secured, since H = Ep = = 


sin 
Ay COS 


in lane case, using the Previous ‘fotation, the of 
PE RST 2 
the reactions A and B are Ses 


(16) A, = Mg (+5) Meret 


(£1) 
sin g. 
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element, of, unbalance can be.corrected, by. ‘pair 
of masses suitably. located, the disturbing force and couple can 
be, graphically represented by masses as. in Fig..4, from which 
it, noted that the forces acting upon the: Supports. are, 
in general, unequal and. out of phase with each, » 


Balancing Masses: 


3) sia sin 


_ (Prom the ‘it wil be ‘noted: chat! static: unbalance 


obtained by adding weights to the erids of'a' rotor will increase 
the running unbalance unless the moments: of the! weights 
about‘ the’ axis ‘are’ inversely »proportional to their: distances 
from the center of gravity of the rotor, or it so happens that 
the couple introduced by the added masses opposes the prin- 
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cipal couple H = Fp, also, any method of determining unbal- 
ance which takes account of only one end of the rotor is liable 
to be in error. However, if the rotor is turned. end for end, 

and the forces acting upon each reaction determined and neu- 
tralized, such a method should be satisfactory. 

Forces make themselves known to us in two ways: first, 
by their intensity; second, by the motion they produce.’ The 
intensity determines a pressure on, of stress in, a stationary 
body ; if the body be in motion the forces acting upon it deter- 
mine its acceleration.* .There are, therefore, two principles 
which can be utilized in determining experimentally the forces 
producing unbalance in a. rotating body. First, the force re- 
quired to keep its axis from moving can be located and meas- 
ured. Second, the body may be allowed or encouraged to 
move under the influence of the forces acting upon it, then-by 
trial opposing forces are introduced until the body is brought 
to rest. The latter principle, based upon Newton’s Second 
Law, has found favor with the «designers of. balancing \ma- 
chines developed to. date, but it has certain inherent. disadvan- 
tages which increase with y.¢ size and weight of the rotor to 
be balanced. 

The following machines depend upon a second principle, 
just mentioned : 

The Norton Balance Indicating Machine, developed, by 
Charles H. Norton, described on page 614, “Journal A. S. 
M. E}” August, 1916. This is probably the es form of 
commercial balancing machine. 

The Ewing Balancing Machine, designed for the Engineer- 
ing Laboratories at Cambridge, England; described on page 52 
of “‘ The Balancing of Engines”—W. E. Dalby, 1902. While 
not a commercial:machine, this is the forerunner of, *ypes 
of ‘‘ pendular motion”. balancing machines. . ad 

The Lavacnel: Dynamic Balancing Machine. (Fig. 5), de- 
scribed! in “Zeitschrift des. Ingenieure,’ 


"Newton Second and Third Laws. 
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January, 1916, and on pages of the “ A..S. 
E.,” March, 1916. . 19 

N. W. Akimoff, M. E., described in “ Journal A. &. M. 
August, 1916... 

Combined Static and Dynamic Balancing 
peg developed by N. W. Akimoff, M, E., described by the 
inventor before the “American Society of Mechanical Engi- 
neers,” in December, 1917. j 


DYNAMIC» BALANCING: 
MACHINE 


4 / = 


- 3 


The Cleaty-Mare, Islatid: Dysaitic, Balancing Machine, de- 
veloped by Commander F. J. Cleary, U. S. N., described:in 
this Journal, February, 1918. This machine is very similar 
to the Lavaczek machine, but has a superior recording device ; 
superior in that the pendular motion of the Tator can be ob- 
served while the rotor is running. © 

Before taking up the performances of ma- 
chines it will be necessary to consider the effect of the forces 
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acting upon the bearings which stpport' the ‘rotor!’! The ¢om- 
ponents of these forces have been shown 'to be ‘thé’harmionic 
forces! (16), (17), (18) and'¢19), and,  béing' harmonic, tend 
to-set up forced vibrations in the supports of the rotating body. 

Considering one of the supports as a simple’ elastic ‘body, 
and following the ‘notation ‘wsed’by Mr. ‘Akimoff in' this Journal 
for May, 1918, the elastic’ force tending to restore the sup- 
port to its position’ is Fa; the damping: force’ 


ing motion is and the accelerating force is M 


The sum of these must be — to” the Hsin disturbing 
force E sin ot, 


‘Following the method given on pages. 436 and 437,, “ Dif- 
ferential and Integral Calculus,” Granville, Revised Edition, 
1911; the following solution is the comple- 
mentary equation ve 

PR o, ftom which = 

For oscillations 4MF greater than 


Let these, two values of + be — 
then since a = = ert, 


: | 


cing 0, an 
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The complementary function is then 


—at 


209 2 


sin ft, the ‘equation of the oscillation of 


(20) twice, we have 

Multiplying (20) by w? and:adding, we have 

da /F Dw*da., Fu? 


one pair of Toots of tiie priya have already been found to be 
the other pair is 7 = ‘@ V7, hence 
= 6 Cos wt + ¢, sin wt 
In order that this may be @ particular solution of (20), cs 


and c, must determined. ( determine c, and differ-. 
entiate successively 


a= cos + sin ot and in (20), then 
cos @f — w? wt ON, 
eysin 


04,008 ot eqsin at / 


> 


from which 
(F — Mo*) Doge ~\ 
(F — Mo’) c, + =O 
Solving 
a ce F—M Do 
_If now a: triangle be drawn, having sides Do, F — and 
G Cos w+ 


i- | 
ic a= 
id 
| 
y, 
al 
ba 
7 
4 
n, 
| 
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= n (wt | 
The complete solution of (20) is therefore’ ie 


as stated by Mr. ‘the first teri of this latter 


equation very, quickly disappears, provided, that is an 


preciable quantity, ‘and for all practical purposes 
is defined by the equation 
(25) Esine 


a= sin (wt = 


sin (wt — 
+ 


ain”. ies Ms 
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Consider’ now’ the ‘effect ona balancing machine of the 
pendular motion of the rotor to’ be balanced. In ‘such’'a' ma- 
chine’ the rotor has a varying angular displacement about a 
fixed axis, and if the moment of inertia of the moving’ parts 
about this axis be the ‘angular displacement ‘at ‘ariy 
instant be 0, then the fundamental equation (20) becomes 
is one of the forces expressed in (7),'(8), (9), (10), (12), 
(18), of (19), andthe par- 
tieular solution to 'the forced 


factor ¢ e becomes or - 


“This daniping: be noted, 


as it would appear to limit Bi practicability of pendular mo- 
tion balancing machines for large and heavy. rotors; either D 
must be great or I must be small, I varies as the fourth power 
of linear dimensions, hence it cannot be small. D must there- 
fore be great. If D is great, then E, must be considerable if 
the pendular motion of the machine is to be appreciable. But 
E varies as the square of the angular velocity of the rotor and 
in the most, favorable synchronism, 


SIG 


will ‘be ‘comparatively of the 
rotor comparatively small, 


the disturbing ‘force. with ‘reference to the angular displace- 
ment of the machine, hence all « high- spot” methods of locat- 
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ing the plane of the disturbing forces; must be regarded, with 
caution,;,,It is possible and entirely, practicable; to, determine 
D, F and I. by, experiment and, from the results of, experiments 
calculate tan but, such experiments, would’ require accurate 
instruments, and considerable time if.they had. to. be: repeated 
foreach. rotor balanced..,, For small crankshafts or armatures; 
produced in quantity, calcdlation of tan€ to be 
justified, 

Of the balancing machines: the 
Norton!and: Lavaczek machines locate the. plane, of| the dis- 
turbing | forces by running the rotor.in- both directions, the 
Cleary-Mare Island machine, shows graphically the effect of 
the disturbing forces and the variation, of such effect as cor- 
rective !measutes are taken ; the Akimoff machines accentuate 
the effect of the dishactow forces, but the ‘determination of 
the corrective measures necessary to completely neutralize 
these forces must be made by trial and error. The Ewing 
machine. was, designed primarily for demonstration purposes 
and i is not considered practical for shop use. 

‘The alternative basic principle for rational design of a bal- 
ancing machine depends, ¢ as previously stated, upon Newton’s 
Third Law, and involves actual measurement’ of the forces 
acting upon ‘the bearings supporting the unbalanced ‘rotating 
body. A variation of this principle will be found in the Mel- 
ville-McAlpine Reduction Gear, in which it is possible to ‘meas- 
ure the tangential force exerted by the pinion teeth by floating 
the frame carrying the pinion bearings on oil under pressure. 
Measuring the pressure on the oil determines the tangential 
force exerted by the pinion teeth and the power transmitted. 

At is suggested that a balancing machine could be desi gned 
in which the rotor ‘bearings are supported by a liquid’ under 
pressure, preferably oil, and the variations in presstire recorded 
by a: device, ‘similar, to.a; steam! engine indicator fitted’ to: each 
bearing, Such a machine would not be limited by synchronism 
or + the. inertia, of moving parts and would locate and measure 
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directly the disturbing forces at the points where they are 
applied to the supporting structure. 
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DESIGN OF WATER PROPELLERS BY THE 
SPECIFIC SPEED METHOD. 


By Cus. F. Gross, ASSOCIATE. 


The purpose of this paper is to show how the Specific Speed 
method of design may be applied to the solution of water 
propeller problems as has been done in the past with air 
propellers, centrifugal fans and water turbines. The method 
is based on the theory of mechanical similitude, experiments 
from model propellers having shown that the law of compar- 
ison is applicable. The important point that is aimed at is 
to present to the draftsman a method of propeller design when 
given the power which the propeller is to absorb and the 
speed of advance of the propeller through the water; the 
items to be determined then are the diameter, pitch, mean 
width ratio and the blade thickness. 

In the solution of problems, first will be selected a Specific 
Propeller which has certain characteristics geometrically 
similar to the actual propeller. We may then define the 
Specific revolution of a propeller, as the revolutions of a 
geometrically similar propeller which is of such a diameter 
as to produce unit power at unit speed of advance. The 
Specific diameter of.a propeller is the diameter of a geometri- 
cally similar propeller which is running at such R.P.M. as 
will produce unit power at unit speed of advance. 


It has been shown* that for a propeller the following holds 
true: 


*Mr. M. C. Stuart in “ Application of Specific Speed Method to Aeroplane Propeller 
Design.” as 
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where Rs = specific revolutions per minute.” >: 


R= the-actual revolutions per minute. 
P= power absorbed by the propeller. 
a = speed of advance in knots: 
= specific diameter, feet. 
_ = actual diameter, feet. 


Notice must be taken that in the statement of the Hosiislae 
no mention has been taken of the units chosen. In order that 
the co-ordinates of the plots be kept within reasonable values 
the units of the power and speed are not taken as actual values 
but as certain multiples, these however leading to values of D, 
and Rs which are met with in practice. We have taken as a 
unit of velocity 10 miles per hour and as the unit of power, 

1,000 horsepower. Hence; when ‘using these units, the 
Specific Propeller is one having a speed of advance of 10 
miles per hour and absorbing 1,000 horsepower. This speed 
of advance of the propeller of 10 miles per hour must not be 
confused with the speed of the ship through the water, but is 
actually the speed of the propeller through the disturbed water 


_ in which it works. The difference between the speed of the 


ship and speed of advance:of the propeller may be considered 
a certain gain for the propeller. This gain, commonly called 
wake gain, that the propeller receives from working in a’ col- 
umn. of water moving isa of the which 


where bi is. ‘the block. coefficient , of the ship: in 


Tense the speed of advance may be expressed as 

; = V(1 — w) where NV is the speed of the ship. 

BR, Me power which the propeller | has to absorb is the shaft 
horsepower ; for a reciprocating engine ship the power usually 
considered is the indicated horsepower whereas the value must . 
be multiplied by a per cent. fri from Ad to 92 per cent) 
to obtain the shaft horsepower. ns 
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The plots here given, Figs 2 to 5, have been derived from 
published results * of small: model propellers as tested in the 
United States Model Basin. All models tested were of three 
blades, 16 inches in diameter, and of elliptical shape when 
developed. It must be remembered that results obtained from 
solutions as here indicated strictly apply only to propellers 
similar in shape to the models as tested. The variables :- re- 


. volutions, power, speed and diameter are aoe together i in 
two formulae 


(PVay | (5) 
where R = revolutions per minute. 
bs = power absorbed by the propeller, S. H. P. 
= speed of advance, knots per hour. 
os = actual diameter of propeller, feet. 


Then p is the primary variable fixed by the conditions 


of the problem. Various pitch ratios (ratio of the pitch to 
the diameter) are plotted on two sets of curves as shown on 
the accompanying Fig. 1. Contours of 0 are plotted above p 
for equal intervals of pitch ratio and curves of efficiency for 
the same intervals. When p is known we can determine 
’ very promptly for any value of é the pitch ratio and efficiency. 
To find the value of Rs for a specific propeller, one absorbing 


1,000 horsepower at a speed of 10 knots, it will be seen that 
R, will be to times the value of p. This is shown as follows, 


R becoming ~ as the values substituted a are > specific ones : 
p= 


substituting P = 1,000 and Va = = 10, we have, 
or Rs = 10 


the value of p read the plot for any ‘efficiency and 
any pitch ratio. From (5) the specific diameter may be found. 


Sp. ‘W. Taylor in ‘‘ Speed and Power of Ships.” 
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(5) 


(6) 


So for a specific propeller, the value of 0 is read directly from 
the curves of Fig. 1 for a given p and pitch ratio. P for a 
specific diameter will be 1,000 horsepower and V, = 10 
knots, R will be the specific revolutions, Rs, whose value will 
be 10 times the value of p so D becomes D; or 
Rs 

whence the value of D, can be solved for various dpudisions 
of pitch ratio. 

The model propellers as tested covered various pitch ratios, 
mean width ratios, and blade thickness ratios. Pitch ratio is 
the ratio of the pitch of the propeller to the diameter. The 
mean width of a blade is the mean width of the developed 
area of the helicoidal surface of a blade of the propeller which 
pushes the ship forward. The mean width ratio is the ratio 
of this mean width to the diameter of the propeller. Blade 
thickness fraction is the ratio of the thickness of the blade 
determined by a plane through the axis and the extreme tip 
of the blade, measured along the axis to the diameter of the 
propeller. These variables of mean width ratio and blade 
thickness fraction are plotted on four separate charts, one of 
which is reproduced here, Fig. 1, by kind permission of the 
author. This chart is for a series of propellers having a 
mean width ratio of 0.20 and blade thickness fraction of 0.06. 
The other three charts give curves for propellers having mean 
width ratios of 0.25, 0.30 and 0.35 and blade thickness fraction 
of 0.05, 0.04 and 0.03 respectively. _ 

The method of making a plot for the Specific Speed Method 
can best be explained by carrying through the computations 
for a particular.case. The one under consideration is for a 
pitch ratio of 1.0, mean width ratio of 0.20 and blade thick- 
ness fraction of 0.06. 
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SAMPLE COMPUTATION FOR PROPELLER OF PITCH RATIO, 1.0, 
MEAN WIDTH RATIO 0.20, BLADE THICKNESS FRACTION 0.06. 


Efficiency Rs R,! 

55-0 4.0 "40.0 11.7 60.0 23.7 
60.0 4.6 46.0 12.8 21.5 
65.0° 5-6 56.0 14:7 18.7. 
67.6 8.0 80.0 58.5 14.7 


65.0 1240 24.8 58.7. 
60.0 19.2 1920 335 605 84 


_ Fig. 1is entered on the efficiency fine of 45 per cent and 
the value of p is read for a:pitch ratio of unity. This is en- 
tered in column 2. As was shown previously R, is 10 times the 
value of p. The 4th column is the specific revolutions to the 
two-thirds power. Next for the observed value of p, a corres- 
ponding value of d is read by tracing directly above until the 
pitch ratio line of unity is reached and then reading: horizon- 
tally for the value of 6. Then the value of D, can be com- 
puted for the given efficiency by substituting in equation (6), 
D becogihay D, as the diameter is such for a specific propeller. 


the ‘values of and R,! taken from columns (5) ‘and (4) re- 
spectively. 

_ The various values listed under Ry are re plotted as, 
and the values, under D, are plotted as ordinates... For the 
various mean width ratios, the various pitch ratio curves were 
found by the above method. It will be interesting to note that 
on the various pitch ratios which are. plotted on-Rs and Ds, 
the efficiency is tied into the co-ordinates’ by placing ticks 
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along the curves. The maximum efficiency can be seen to be 
for only one value of R; and D, and decreasing for a change 
of R, or D,. 

The use of this method is best diowe by actually eusiitig 
through a few problems. In order to show how closely the 


_ results of the work can be relied upon, the following data are 


taken from the trials of the Birmingham. 


~ 


Speed of ship, knots . ..... 24.5 
Revolutions per minute . . . . . 194. 


The engine was on the same shaft as the propeller and 
the horsepower was measured by a torsion meter. This vessel’s 
block-coefficient was such that she had a low wake factor. 
In this case, 4 a4 cent is taken, giving the speed of advance 
of. 

Va =V (i — 0.04). 


Va = 23-5. 
_ From the data given the suas revolutions may be caleu- 
lated from : 
=R 


. or Rs = 194 x 7:35), — 62.0 
It will be observed that the power is not substituted as 7,350 
but 235° = 7.35. And the speed of advance of the propeller 


is not 23.5 knots but 23:5 — 2.35. These values are taken 


so that the specific revolutions for the specific propeller in 
hand may be found. ‘The various figures are then entered on 
the specific revolutions of 62 and the corresponding specific 
diameter is read off on the pitch ratio lines giving the max- 
imum or a high efficiency. These values are incorporated 
in the following table and the cortesponding actual diameters 
are calculated by the formula — 


| 
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D= =D. x ot Ds X 


(2.35) 
0.25 “ha 16.6 71.2 12.50 © 
0.30 7206. 26.8 70.9 12.65 
0.35 1.2 16.8 12.65 . 


It will be seen that the maximum efficiency is 71.2 per 
cent and at this value the diameter is 12.5 feet. The cor- 
responding pitch is 12.5 X 1.2 = 15.0 feet. The propeller 
as actually placed on the ship had a pitch of 15 feet 1 inch, 
and a mean width ratio of a little below 0.25, the value found 
in this solution. It might be interesting to know that this 
propeller was calculated by an entirely different method. 

Another case common in practice is that the propeller’s 
diameter, pitch, revolutions and speed of advance is fixed; 


the question is to find the power — for the engine to 


_ Given the following : 
Revolutions, per minute . . . . . 328. 


From (1) = Rs 


Substituting i in (2) and solving rh D 
D= Ds X Rs X Va 
R 
DXR 
Va 


For our case 


X Ry = 1,590. 


2 
| 
‘ 
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The following table has been made by entering the curves 
at a high efficiency and reading the specific revolutions and 
specific diameter. 


ratio, ratio, Bfcieney. Ds. Rs X Ds. 


0.20. 08 62.6 120 125 1,500 
0.30 0.8 62.7 390 1,540 
0.35 08 60.1 12.2 130 1,590 


From above, the product of Ds and R, must be equal to 1,590. 
The nearest approach to this is with a mean width ratio of 
0.35, the efficiency being low, 60.1 per cent. The power 
necessary will be 


p=p.x 
or P Ds = x 12.2 


Pt = 

rece a the power is 5.9 X 1,000 or 5,900 S. H.P. it the 
efficiency drops to 59.8 per cent. (mean width ratio plot of 
0.35) the specific diameter will be 11.6 and the specific 
revolutions, 140, the power corresponding will be 6,400. It 
will be seen that there is a very wide range of R, and D, with 
a very slight effect on the efficiency range. It will not be 
advisable to take R, and D, for the maximum efficiency but 
values a little below so'that when operating at reduced speeds 
which is usually the a high of the 
will result. 

Considerable is left. for the salgsient of the one : using the 
curves which propeller to use for a corresponding mean width 
ratio and whether to use a propeller of a high or low pitch ratio. 
In order to see if the method would apply for various classes of 
ships, values of D, and R, were solved for taking data asire- 
turned from trial trips of actual ships, these fell‘on their right 
pitch ratio lines, showing that propellers which were of the 
shape as tested could have been solved by the above method.- 
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THE BOILER GAGE GLASS. 

By Ws. L, DEBAurRE, AssociATE. 
~The boiler gage glass is generally said to show the amount 
of water ina ‘boiler, but such is not the case; it indicates only 
approximately the water level within the boiler as will be 
hereinafter explained. This article also explains how to de- 
termine the actual weight of water contained and gives the 
proper corrections to be applied in tests where the gage glass 
reading, the steam pressure and the rate of steaming at the 
end of a run are different from those obtaining at the begin- 
ning. A simple method of recording the water level is de- 
scribed. 

Tn operating a boiler, the water within it must be kept at 
a sufficiently high level to submerge the heating surfaces; 
; otherwise, these surfaces would become overheated by the 
gases of ‘combustion, and consequently unable to withstand | 
the steam pressure exerted on them. But the water should 
not be carried too high on account of the danger of priming. 
In most types ‘of boilers, by reason of the shape of the steam 
drum, a high-water level reduces the area of the water sur- 
face at which the steam is liberated, and a more violent bub- 
bling up of the water therefore results. Since the space in 
which these bubbles must break is also reduced, the reason for 
priming with a high-water level becomes apparent. 

The boiler gage glass is made short, only six to eight inches 
long, i in order to keep before the eyes of the water tender the 
narrow limits within which he must control the level to pre- 
vent priming on the one hand or to prevent overheating on 
the other. The bottom of the gage glass is usually recom- 
mended to be at least two inches above the lowest permissible 
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water level to provide a certain degree of safety against over-. 
heating if the feed is temporarily interrupted. 

The steam connection to the gage glass should be taken 
from a point high on the boiler shell or steam drum where 
there will be no probability, during normal operation, of bub- 
bles of water carried up with the steam being thrown into the 
upper gage connection and should be made without pockets 
in which condensation could collect. Should the, steam con- 
nection: be too low, the indications will be erratic and water 
will be noticed trickling down the sides of the gage glass. __ 

No steam should be supplied any apparatus through. this 
upper gage connection, because a drop in pressure would 
take place due to the steam flow through the connecting pipe. 
A drop in pressure of only oné-tenth pound between the steam 
drum and the gage glass would cause the water level in the 
latter to be over two inches higher than it should be. It is 
permissible, but not desirable, to attach to the upper gage 
connection appliances operated by pressure only, such as pres- 
sure gages and certain damper regulators and feed-water con- 
trollers, to which no actual flow of steam takes place. 

‘The lower or water connection to the gage glass should be 
attached to the shell within a very short distance of the lowest 
readable level in the glass. When so connected, the level in 
the glass corresponds closely with the water surface within the 
boiler. If connected to a point much lower on the boiler, the 
same level in the gage glass will not always correspond to the 
same level within the boiler for the following reasons : 

When a boiler filled with cold ‘water to the steaming level 
is heated by lighting the fire on the grate, the water level rises 
in the gage glass due to the expansion of the water being 
greater than the expansion of the iron of the boiler. If, after 
working pressure has been attained, the boiler stop valve is 
opened to discharge steam from the boiler, a further rise will 
be noted in the gage glass before any water is fed. This 
second rise is due to the formation on the heating surfaces of 


_ bubbles of steam which displace the corresponding volume of . 
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water. (/The: total volume of ‘these ‘bubbles will: with the 
rate of steaming and with the steany pressure.) 

water-in'the gage glass and its lower connecting pipe 
to ithe boiler; however, contains! no steam bubbles ; hence’ ‘its 
density: is greater ‘than that ofthe! mixture’ of water and 
steam within the boiler, we denote by 4, in Figi 1 the head 
above ‘the: lower gage: connection of the mixture within the 
belie and - hy the pee of the water within the gage glass, 

where d, and d, are ‘the respective densities within the boiler 
and within the glass. “The greater the difference between 
h, and hy and between. d, and id, the greater will be the. dis- 
crepancy between the level in the glass and that within the 
boiler, ‘Fhe discrepancy will not be great, are if hg and 
h, are numerically small. 

The densities d, and d, differ for the additional reason that 
the temperature of the water in the gage glass is less than 
that in the boiler. Blowing down the gage glass causes the 
water blown out to be replaced with hotter water from: the 
boiler; consequently, a higher level is indicated for the same 
level within the boiler. While the difference i is very slight with 
a properly connected gage glass, it has not been” considered 
good practice to blow down the gage glass: during a test run. 

“During ordinary operation, blowing down should be “otca- 
sionally. done to keep the lower connection’ clear of scale, etc. 
Proper opéfation of the gage glass may” “be noted by closing 
the upper gage cock, when the water level should slowly rise 
on account. of condensation of the steam entrapped: in the 
upper part of the glass. When the upper gage cock is:opened 


url 


1 is afso shown how a differential pressure gage D 
may be ‘connected to continuously record the level in the glass 
36 


; 
uf 


sy 


_ tached to the lower, gage; glass: connection:,::The high-pressure. 


to provide: a-constant. head h, of water above the 
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‘Phe low-pressure 'side -of ‘the differential: gagée!D isiat- 
side is. connected, te.the) upper gage glass connection, in:stich 


differential gage) Dy. head low-pressure: -side 
will fluctuate: with the level:im the glass A..' Hence! the vary- 
ing head. will;,be measured: by: the: gage “since 


U. S. Naval Engineering Experiment Station has proven ‘very 
satisfactory with steam-pressures up to 300 pounds gage. An 
enlargement at C helps to maintain a constant head. with a 


widely. fluctuating, water level, in. ‘the glass. ‘The 
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pipes from the enlargement C and from the lower gage con- 
nection to'the differential, gage are run in such manner as ‘to 
avoid air pockets; between C arid the upper gage 
connection is. made as short,as possible and water pockets in 
it avoided. pil bits 


TEA? 
3 


ea 


DETERMINING WEIGHT OF WATER CONTAINED, 


With a given water level indicated in a gage glass connected 
as recommended) above for'ordinary: operation, the actual 
weight of water contained in the boiler will vary considerably 
with the) rate of steaming and also with the steam ptessure. 

‘The following method is'proposed to measure the:actual weight 
of water contained under any: rate of steaming:and any steam 


pressure. Attach/a second gage glass B.as shown in Fig, 2 to 


4 
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the lowest point of the boiler. The desired measurement is 
based on simultaneous readings of glasses A and B.) °° 

» Denoting by d, the density of the water-steam mixture 
within the boiler, and by d, the density of ~ water in — B 
and connecting pipe, we have sHOVR a 


== 


The \adme ‘of d, may be taken from tables to correspond to 
the temperature measured by a thermometer in the connecting 
pipe. The height h, may be taken as substantially equal to 
the height /, to the level in glass “Hence we may deter- 
ming the of d, from 


The total weights of water contained in the boiler up to 
“various points on the glass A may be determined when the 
boiler is cool by weighing the water run out. The correspond- 
ing volumes are calculated by dividing by the density corre- 
sponding to the temperature of the ‘water contained. Denote 
by V the volume at the level 4s. ‘Then the weight of water 
actually contained in the boiler ues the conditions men- 
tioned in the preceding paragraph is. 


W=4V (2) 


“The Satanic may be simplified by’ the use of the more 
direct but somewhat less accurate formula 


w= 


We is is the weight oh water calibration: to cor- 
respond to the level of 4, in glass A:»:Formula (3) is derived 
by neglecting the small change in density of water with change 
in temperature from that obtaining during ences to _ 
- the gage glass connection during the test-run. 

nthe data are taken from a coal test made 
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six’ years ago with a Babcock and Wilcox marine type water- 

tube. at. the Naval: 


Wea x 0.88 x 


The above figures correspond to a steaming rate of, about 
14,000 pounds ‘per ‘hotr’ ina boiler’ containing 2,161 square 
feet of heating surface. ‘Since h, would equal hig were the 
rate of steaming zero, these figures show that the weight of 
water’ contained’in this boiler may vary 6,040 — 5,134 = 906 
pounds: ‘with’ the ‘Same ‘level indicated in the § gage glass as 
usually provided. © Tn larger, boilers, the variation may. be cor- 
responidingly greater, 

While the above-described’ thethod thay be subject to ‘some 
etror in a water-tube boiler by reason of the variation in den- 
sity throughout the boiler and the fesultant circulation therein, 
it gives a result, at least approximately true, ‘which apparently 


_ cannot be readily obtained in any other way. In attaching the 


piping for the gage glass B, care should be taken’ that ‘the 
velocity of. circulation. within the ‘boiler’ will not produce an 
impact pressure ‘on ‘the lower gage connection. - This. connec- 
tion may’ be ‘tiadé’ temporarily to the blow-off. pipe, 
upper or steam connection should’ not be made to any pipe 
conveying steam from the boiler. The upper try cock may be 
used if no other steam opening is available. A differential 
indicating 0 or recording gage wi be used instead of a BS 


CORRECTIONS FOR TESTS, 


In tests,of a boiler or; ofan apparatus 
a) boiler, it is required'to.know the weight, ofwater.in 
the boiler at the beginning and at the end of a rum:in;order 
to correct for any difference. With the same water level, the 
same steam presstire and the same rate of steaming, no correc- 
tion is necessary to the weight of feed water as measured 


554 THE BOILER GAGE GLASS. 


during the run. If the water/level only varies, the correction 
is equal to the difference iri level in the gage glass’ multiplied 
by the cross-sectional area of the steam drum and by a'water 
density: corresponding to the' temperature in the gage glass. 
If the steam pressure or the rate of steaming varies, the cor- 


rection cannot be based on the — gage glage reading 
only. of T 
If the object. of the test. ts to determine. by ph the 


feed water, the amount of steam, the boiler supplies to,an 
apparatus under test, the weights of water in the boiler at. the 
beginning and at, the end of each run may be determined. by 
the aid of an auxiliary gage. glass. as above described, and 
the difference i in weight added to or subtracted from the weight 
of water fed. If, however, the boiler itself is under, test. a 
further correction should be made to cover the difference, in 
the heat contained in the water at the - beginning and at the 
end of the run. A formula for this purpose was derived in 
Bulletin No. 78 of the SRO Experiment, eid of. the 
University of Illinois, 

Let W, be the weight of water in the boiler at: the beginning 
of the run and W, be the weight at the end of the run. . Let 
the pressures at beginning and end be ‘denoted. by ~; and. Pa 


respectively. Then the, heat which has. accumulated. in the 
water during the run is equal to 


We (qs — qs) 
where ae and qe are the sensible heats of water at ‘the steam 
pressures p; and Pov respectively, and dg is the average sensible 
heat in the water fed during the run. If we denote by H, the 
heat required to produce one ‘pound of steam under the aver- 
age feed temperature, average’ steam pressure and average. 
steam quality obtaining during ‘the cae ‘water 


We n= Wy (qs 
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The total correction to ‘be'added to the weight of ‘water fed 
during’ the lsinege io bas & 


applies, Wy, is. greater « or. Tess, than Wei 

_ The above, formula is especially ;applicable where. provision 
has, been, made as explairied..in.;this article, to, determine. the 
true weight of water, in; the. boiler.,;, When: the ordinary. gage 
glass,only_is available,..it is questionable whether, uncorrected 
weights of feed water are not as near the truth.as the weights 
obtained. after, applying the correction, indicated. by, the above 
formula... For example, assume. the water,,level in the ordi- 
nary gage glass to be the same at the: end as at the beginning ~ 
of the run, also assume the rate of steaming to be the same, 
but the steam pressure to be higher. Under the higher steam 
pressure at the end of the run, the density of the steam 
generated and also of the water-steam mixture within the 
boiler will evidently be greater than at the beginning of the 
run. Consequently, even with the same apparent water level, 
the'actual weight of water in the boiler at the end of the run 
will be greater than at the beginning, for which a negative 
correction should be applied to the weight of water fed. 
Formula (6) would give a positive correction. The extent to 
which these two corrections neutralize each other would de- 
pend upon the steam pressures, 


SUMMARY. 


For ordinary operation, the lower gage glass connection 
should be made to the steam drum as near the bottom of the 
glass as possible. The water level in this glass will then cor- 
respond closely to the level within the boiler. With the same 
level, however, widely varying weights of water will be con- 
tained in the boiler under different rates of steaming and dif- 
ferent steam pressures. The actual weights of water con- 
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tained, may be calculated from, simultaneous’ readings:-of: such 
a glass and of a special gage glass attached to the: lowést:point. 
of the boiler. — 


_ With only the ordinary. gage Blass” available during. a test, 
correction may be made for variation in water level only 
when the steam’ pressute atid the ‘tate of ‘steainting ‘ate known 
tobe at the'end'of @ the beginning. ° this 
‘not! known to’be the case; thé ‘run shoiild be prolonged until 
the tmaximutn possible variation in’ weights? of water contained 
compared ‘with' the total ‘feed water measuted during the’ rim 
is ‘within the error permissible in'the results.’ When a special 

gage glass can be attached’ as herein’ proposed; ithe Tuhs hay ‘be 
shortened and correctiotis applied for vatiation ih presstte ‘as 
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um. 2boog 3 
edt i gagastl ity bad... bhow 
ENEMY: ‘CONCERNS: STILL: BUSINESS. IN: HE 

Every. who however briefly, to the economic’ 
the and. the readjustment. after t war, ufges preparation or 
war, W: _, it is said, will come to. pass Just as soon as the clash of Em 
is. t an end... 

he.point ‘that is. ‘usually, is ‘that this, trade war is ‘not some- 
thing. to, come, Sgr is now upon us, é are now just as mu | engaged 
a trade war, with Germany as we: are, in a, jit es and naval combat, but, 
we have entirely failed to this fact, or, 

mobilize, or prosecute this, trade N consequence. t 
program for the trade war is more delayed and more ineffective than our 
lamented. aeroplane and,.as othe bard parts of. 
es. are burden, 


iworst, of it is, that ply if to, be little or no, ‘recognition on: the 

rt of pee community of the. s cance. of, a trade, war, 
they, are »prepared to, take, can, take, in winning. the. war. 
ch, less, is, there. any realization, at. ‘Washington. of the tremendous 
‘weapon that we haye ready at. hand, but which lies unused, 


an unused ;—the. effectiveness of this weapon is being. 
ired through. neglect, and even gua if, unthinking,. sabo 
the commercial, 
territorial and. h dome 
mina- 


as my field. 


ing enterprises. 
made common. cause in the initiation press ion of this war. Neither 
_could. succeeded without the; aid the other, The 
e different, their. means were the same—the. great 
ie is just as important, therefore, for. us. to make war on German trad 
sat commerce wherever me find it, as it phe to, wage war by. arms on Ja 
and sea... We are sage derelict in our duty ‘if ‘we permit German. trade 
to. exist, in any ‘country © f the or in any “other country we 
able to stamp. it out. 
Put | fora, moment in the, of the Dire 
rg- 


e the) ector of the: 


Steel combine; in, 


inati nd oe are ‘are these, men, sa 
probes When th this, is we. Wi 


1s, patty, sought. to dominate the: 
rge. financial. enterprises, through .con- 


still exist. A few cablegrams sent out, and raw materials will begin to 
flow into Germany; a few more cablegrams, a few ships outgoing and our 
ever-loyal distributors and agents will again be placing our goods in the 
markets of the world.” And this is just what will happen if we permit the 
German trade machinery to remain practically intact, ready to resume at 
the first peace announcement. : 

But there is a more important aspect ofthis situation than that after the 
war, and that aspect is the present situation. If we can definitely deprive 
the German’ commercial party of the hope-of regaining immediately her 
lost trade, we will deprive them: finally ‘and’ completely of the possibility 
of a commercial victory in any sense of the word. If we can impress 
on the German commercial patty’the fact that German trade machinery is 
definitely and completely destroyed, we can withdraw to,a very large extent 
the enthusiasm and the hope of victory of the commercial party in support 
of the war. This trade war, then, here and now, is a real’ belligerent 


tion of our laws. Enemy concerns should be wiped out. . The installation 
of a representative of the Alien ‘Property Custodian “is' not enough. The 
affairs of ‘every German’ concern should be wound up, the property sold 
outright to Americans, and the name abolished. “But more important, 4 
new organization—an American organization—should take’ its place. 
I have only to point’ to the dye business, and ‘to ask if the German’ dis- 
tributors are out of business, or are they holding on for grim death, hoping 
for the end of the war when they ‘can flood our market with German dyes 
and stifle our young and growing dyestuff industry. Only last week the 
representative. of 4 concern, now changed in name, but, in fact, the ‘suc- 
cessor of one of the German dyestuff distributors, offered a concern in th 
town, dyestuffs under their own—the German—trade name.’ Why, I'4 
the Alien Property Custodian, have‘ firms, once completely German, ’ still 
operily ‘so, arid even now endeavoring ‘to preserve German trade interests, 
been permitted ‘to go on and do business; why has the Alien Property Cus- 
the a name to putify a German concern, reek- 
ing with plans to further Getman trade interests now and after the war? 
Gentlemen,’ the work of rooting out: and annihilating German’ trade’ in 
this’ and'‘other countries’is just’ as important’ a part of the’ conduct’ of 1is 
war as the building of ships, as the construction of aeroplanes, as’ the ‘pro- 
duction of foodstuffs, and other vital phases of our war B haan “Tt is 
just as esseritial that it shoti be Neglected or bungled. “‘We’seé'all abo 
us' ‘the evidence that 'restilts are not being obtained, "We ‘ma; well 
ourselves’ the question, '“ How Tong will we endure neglect and inefficiency, 
while our ten are fighting and meeting death in Europe?” ‘The’ faitare 
properly destroy Getinan trade that thousands, even hundreds of 
thousand: of our men ‘will’ be sacrificed: 


| 
a It is therefore the duty of our Government, supported by every re- | : 
p source of our business community, to atnihilate German trade machinery 
q wherever it exists. Every month, every week, and every day that is per- 
gE mitted ‘to pass and still finds Getman business orgaftized and ready. to 
resume in this country and in, other countries, adds to the duration o ig : 
ir and the sacrifices that our boys will have to make'on the field of 
Even today in this after more than a year of. war, 
R concerns are permitted to exist and do business. Some of ‘these have bee y 
& wie to a thin coat of whitewash administered by the Custodian of 
% lien Property. But their otgatizations exist, they continue German to 
' a very considerable pe tee sentiment and in personnel, and will be at 
f to go Otit on behalf of Germany when''the war is over, if, indeed; they are 
i not doing’ $80, now. There is tio excuse ‘for such laxity in the administra- 
ag 
{ 


— 


must destroy ‘German. trade not only: in» this country,» but abroad, 
especially inthe few: still, remaining neutral countries: In. this, however, 
the War Trade Board: has been fairly successful, largely: because: men: of 
brains:.and ‘tried capacities, who: have:thrown: themselves unreservedly: into 
the work, are in charge: Here also we have had the invaluable help:of our 
ally—Great Britain, | But.even in this work, the successful completion has 
been ‘delayed and hampered ‘by forces: over: owhich: the: officials. of the 
Trade) Board have had ‘no control.) 

business for which we are best fitted. Let us realize the importance of ‘it: 
Let us-accept/no reasons; however plausible, as to why German trade ma- 
chinery cannot: be annihilated: Lack of ‘knowledge, inadequate laws;\\red 
tape, administrative® inefficiency, must no longer German trade 

obser 

RESEARCH IN MARINE 

HOW LACK. oF HAS RETARDED PROGRESS IN MARINE, 
IT CAN ACCOMPLISH, 


% ond gi aghial Suite 


nomena—some familiar, others uncommon ; these all have their causes and 
they themselves: are generally ‘effects: To understand them correctly ‘more 
evidence is necessary than is generally supposed by the casual observer. It 
also often happens that among these engineers are mien quite competent to 
observe and note all the facts’ and tender quite good evidence ‘respecting 
them, but who are not so well fitted to arrive at the correct inferences to 


be drawn. But éven if the means were available the men suitable for the 


work were: not/to: be had; for those possessed. of scientific knowledge! and 
having had the necessary experience were generally too much engaged’ in 
following the avocation by’ which they lived to give the time’ 
for laborious and: patient research, without: which the truth is sought: in 
vain. Consequently: we: find: many instances where’ important inventions 
haverbeen conceived in the past, and even in some ‘cases tentatively experi- 
mented: with; but not brought to the perfection necessary for ‘practical ‘tise 
until years afterwards, when inventor and his supporters’ were beyond 
reaping any benefit from them, and all for’ want of diligent (inqti 
examination in''seeking the essential facts and ‘principles involved*in 

It will) therefore, be’ instructive ‘to ‘take a ‘few ‘well-known | cases’ with an 
immediate reward for' those who ‘adopted its” a 


screw Propel was, proposed by. Bramah as, far. 7855. it 
was’ tried, by, Littleton in a boat. in 1794: fitted..by Shorter jto.,H.M.S. 
Dragon and Superb in 1802 ; but it was only, dealt with seriously' as a prac- 
tical, method. of ‘propulsion in ,1836.,in. the, steamship... Archimedes....In 
H.M.S,. Rattler. in 1843 it. was. subjected to some further research by the 
naval. authorities, which was, carried in’, such! admirable,,, if.-.costly, 


ways.as to at last convince the public. of 
known fifty years before. 
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560 NOTES. 

Now: these Rattler experiments and many: others made! subsequently 
by the naval authorities with! screw propellers are: still sufficiently inter- 
esting:and: instructive to repay the student for examining them’ anew. 
fn certain that had they: been examined anew in 1877 there would not have 

been) perpetrated such a fiasco as: happened with H.M.S: Jris.in 1878) 

No: one, even with patient research, can now ¢stimate the loss. -sus~ 
tained by this .country to. the dilatoriness in ‘the “search :for 
the truth” respecting the screw propeller ‘which might have: been: emplo 
for oceanic.-steamships with great advantage many years: earlier‘ t 
was actually the’ case. Nor can we havea: trie conception..of the waste 
of: fuel -which: ‘on. year after:year after’ the screw: propeller, was 
adopted from want of ‘sufficient knowledge to design propellers so as to: ob- 
tain, the highest efficiency... Nor, on the other hand, can we estimate the 
great gain already actually attained by the patient; continuous, and scientific 
research made in this country and America, by means of experimental 
tanks, by the Froudes and other members of this Institution whose con- 
tributions ate lasting monuments to their, skill, diligence, and pertinacity 
in 

the co ound engine, conceived by, Hornblower in 1771, and 
“ae by Wolff in 1804, was not fitted on shipboard till 1854 by Ran- 
dolph and Elder in the Brandon, and in 1863 in H.M.S. Constance. 

Another ten years elapsed before: it was adopted for general purposes, 
and then somewhat grudgingly. This was really for want of something 
like true: scientific research as against what: passed muster for it, as may 
be seen:in the: Transactions of;:this; Institution., There: was: later on a 
similar controversy and much heartburning, over the: triple, compound 
engine, although it was introduced. by so and, scientific. an 
engineer as the late Dr. A. Kirk in the steamship Propontis in 1874. Ten 
was still being, treated, with considerable TESEIVE 


ADOPTION, OF TRIPLE EXPANSION ENGINE. 


conducted with patience: ard: skill by Sir Ken- 
nedy, however, was sufficient..in: the end ‘to ‘break: down prejudice: and 
remove:all: opposition... Had»such :work. as: his been: carried out thirty 
years before on similar lines: withthe» Brandon, enough money could 
have been saved. by the economy, effected fuel consumption alone to 
have gone far to pay the: interest on thei-old National Debt. Besides, 
think. how-much mental energy was wasted in villifying systems such as 
the, various, compound engines, which real; ‘research could. have: rescued 
from, the, prejudice of opponents!) 

he surface condenser. was, part of, Cartwright’s. patent of 1794, and 
also of Brunel’s in, 1822; it, was, however, only in 1837 that Samuel Hall 
got one tried in a practical way inthe pradie steamer Wilberforce, and 
also on the paddle steamer Sirius, the first steamer to cross from Eng- 
land to America. But a ‘year or two after’ the surface condenser was 
laughed out of eure on grounds which, had proper research been 
made, would have been easily proved’ to have ‘no real foundation for 
condemnation. Tor want of it, however, a quarter of a century ‘after, 
both naval and mercantile ships’ were ‘being ~still ‘fitted’ with ‘jet con- 
densers, and years! after that ‘cross-channel steamers had them instead‘ of 
the surface condenser now'in universal use, atid said tobe able to effect 
a saving of fuel in those days of 15 per cent. Think what that would 
have amounted to if the surface condenser could: have ‘been 
" et cal researc respectin the surface condenser has _ since 
been carried out by Mr. D. Morison and Messrs, Weir, and has resulted 
in at cori dy in its construction and use that have improved the power 
and efficiency of marine engines immensely. 


i 
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» But» perhaps the most notable instance of delay in! benefiting by an:i 
vention ‘is that of the steam turbine,.Branca so long: ago as 
pinging on the vanes of a 


turbine. 
WHERE RESEARCH WOULD HAVE HELPED, 


Why ‘no eer or scientist perceived that expending steam had ‘no 
other virtue than’ that due to pressure must; I think; have been really — 
from want of proper research and perhaps also from the contentment that 
comes of a good sedative phrase or aphorism. Our forefathers were 
told by some wiseacre that “Nature abhorred a vacuum”; they believed 
it, and, what is more, acted on it by applying vacuum-making engines to 
pump water from mines, and succeeded. 

And when another genius arose in Birmingham who discovered that a 
grindstone crank handle might be mioved round by a reciprocating instru- 
ment, the mill engine came into use; and finally the marine engine ap- 
peared, like the mill engine, in the form of a modified pumping ine, 
notwithstanding that -a direct-acting cogs had been used in one of the 
earliest attempts at steam propulsion (the Charlotte Dundas, in 1802). — 


_ It is.true that many quite early Sane | attempts were made to rotate a 
shaft direct by a rotatory engine, but they were all of them designed to 
be worked by the pirpeits of steam, and none by the dynamic energy of 


it on expansion. In other words, they were all of them pressure and 
none of them velocity engines. : ah 
- Havirg shown what, want of research has failed to do, I will now 
venture on what may be called the positive evidence of the proposition. — 

It was by research that James tt, himself not originally an engineer, 
made the discoveries that led to the great improvements he effected on 
Newcomen’s engine, and later on by the same means he made further on 
his own designs even greater ones. It was by research that Stephenson’s 
locomotive was transformed from being so extrav t in consumption 
of coal that even among collieries it could not work profitably into the 
engine as we know it to-day, for in all essentials there is very little differ- 
ence between those engines and the locomotive of Stephenson’s latter 


me WATERTUBE BOILER INVENTED BY A DOCTOR. — 


- The watertube boiler was the invention of Goldsworthy Gurney, him- 
self ‘a’ doctor, who made avery extensive and complete study of the 
instrument by which steam could be rapidly and safely generated and yet 
so light‘ as to be carried on a road vehicle. His research is shown by his 
various patents, and the success of his road carriages marks how good 
most of them were. It was unfortunate for him and for ‘us that this 
research was late in fructifying in the minds of others; for Parliament 
in 1835 (and we ‘should remember it was an early Act of the Reformed 
Parliament) decided, against the evidence of experts, that four miles per 


Mi 


| 
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: 5 would make it revolve. He thereby established the foundation of: the : 
3 impulse turbine, just as Hero of Alexandria’ had so very much earlier : 
discovered a reaction steam turbine and employed it for useful purposes. ' 
'was. not, however, till:two hundred: and after Branca 
_ that, while-Sir Charles’; Parsons: was his. first experiments. with 
the reaction turbine, De Laval, a distinguished Swedish engineer, followed } 
Branca’s idea and made’ an actual turbine. But even: then: he 
apparently failed at first.to appreciate Branca’s art in placing: the nozzle, f 
which was.in the form: of human’ mouth, far enough from the vanes to 
ary of sufficient expansion: before impact. By further research De ; 
val discovered. why ‘his’ first: nozzles were. so inefficient, and -conse- 
| 


a success of it that! it was quickly added to the armament. of our: foreign 


hour “was the’ safe’ limit steam) road-cats, and that a man in advance 
with a red’ flag was necessary accompaniment. But for this Act: motor 
cars,’ busses, and wagons would :‘have been in general use’ before: the 
The submarine; with »which are ‘now: so much: concerned, is the 
result of long'continued research, It) is a) far cry from Bushnell’s and 
Fulton’s early efforts ‘of the beginning of: last ‘century to the wonderful 
submarines of present day, and many:‘were the steps from the crude 
attempts of those early: days tothe ‘successes of. to-day and: many brilliant 
minds were at ‘work upon the problem in ‘the principal maritime countries 
of: the world: Nordenfeldt and Garrett: in England, Goubet, Zédé, and 
Laubeuf in France, Holland: (the Irish’ schoolmaster) and‘ Lake in Amer- 


-ica, ‘Laurenti ‘in’ Italy—to mention only’ ‘of ‘those » who have con- 


tributed to solving ‘the problem of ‘submerged’ navigation—were ‘all men 
whose success was largely due’to an incurable thirst for that knowledge 
which is acquired by patient and diligent search. 

The torpedo, an old idea in conception, was taken up seriously by a 
landsman, Whitehead, who, by his research and perseverance made such 
navies.» 

- To Sir Charles Parsons’ perseverance and tenacity of purpose in carry- 
ing on methodical scientific research is due the practical and. commercial 
uccess of the steam turbine. In friendly competition with him De Laval, 
teau, and Curtis haye conducted research with the impulse turbine, 
ae it is only by such means that they have attained success, Later on 
ir Charles Parsons developed the idea of reducing, the rate of revolu- 
tions of screw propellers, to obtain high efficiency in them, without_re- 
ducing the rate of .the. turbine, by connecting the driver to the driven 
with toothed wheel gearing. The higher rate of revolution of the turbine 
now. possible with such an arrangement has much improved its efficiency, 
so that the little loss due to the modern gearing has been much more 
than made up by the gain in general efficiency of the system. .. 
By continued research other engineers have made, the further improve- 
ment of double gearing whereby with a,rate of revolution of screw, as 
low as that obtaining in the large cargo steamer, the turbine itself maybe 
run. at as much as 4,000 revolutions, per minute... 
. The balancing of reciprocating engines, initiated by Sir Alfred Yarrow, 
has. by scientific research been made a fine art, with great advantage to 
all having to do, with ships, and it. was the means of evolving the four- 
crank self-balanced engine so much preferred. in passenger and naval 
ships until. the. turbine superseded it for express services. 
_. It will, perhaps, be an additional inducement to give scientific research 
its due if I go further and furnish an. instance of how wrong things hav 

n followed up at a great expenditure of time and money, Moat ot 
which could have, been certainly saved if the research had been methodi- 
cal and scientific, 
Of this-waste of time and money, the so-called hydraulic propeller is a 
fren example, for..if.a fraction of the, money.spent on. this. device had 


en devoted toa.“ diligent inquiry of the, truth,” the remainder, could 

ve been saved, ,The, patent fees alone. spent. on.proposals of this. kind 
of propeller would have gone a long, way.to, that end, But. itwas only 
after, the Admiralty had fitted a small, ironclad ship, with ,Ruthyen’s 
internal propeller. and. demonstrated. thereby, how, ‘lacking. it. .was)in 
ciency that, the public could be convinced.,..Even then another and more 
costly, form, was tried some time. after by, the Dutch, with equally. disap- 
pointing results. 
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oo A shipownier ; to. of the extravagance of super- 
intending engineer. in spending $3,400 ¢£700)).in» one year: on ‘experiments 
which thad been, mostly: failures... My advice: to him was: to:let) him» spend 
much: more,. for, seeing: there: were: sevetity steamers. under) his:super- 
vision, it: was:;more «important» for ‘him to discover; what were 
wrong :to have. .on-shipboard, and avoid:them: even;! than to aScertaip 
those! which ;were good. » He could. generally find. out: all-about the 
object, therefore,: is to: :;concentrate: attention! now: on this rese 
work, vas being: not only but really) remuhera- 
tive; in results and;of great benefit both td the indtvidtal and/to the pub- 
lic; at large, andi to show: that it may be!.so even’ wheri| the results: are 
negative in: character:, Further, to: ensure that, in future, reseatch: work 
shall left entirely. to, unaided: and’ individual effort, or even td the 
collective effort which in the past, has: been: only ‘too often: u 
and sporadic because. ungui To avoid this there must: ‘the 
the men, and the machinery, for the: 


) ‘Individual’ efforts and enterprise’ shall be a; wh 
‘to*be in’ ‘the ‘right direction they. may be assisted so to, be 
to. a_successful issue without loss of ig 

(2) All individual efforts shall ar ‘as possible co-dtdinated and 
combined, 'so that ‘by united action higher efficiency and quicker. mp 
ment ‘in’ practical results hic be attained in solving each problem d 
with’ at'the least ‘cost. 

Definite and systematic study ‘of each and every propésition. that 
the marine engineer is faced’ with should be made in such a, hs as to be 
all’ personal prejudice or interest, and its developm: t be ‘pro; 
ceeded. with. 

(4) To study, the Possibilities. of. every, project, view, to -the 
pate and so that inventions, or even mere ideas, when proposed may 

examined) with care, and tested» by means: which wanting: to the 
originators, whereby they may be:dealt: with adequately: 

examine afresh many. of: the: accepted axioms, ephdrisms;) 
formule which,now ‘pass muster: for in marine engineering, the 
light provided by, modern, knowledge, and).by methods found ‘successful 
in, later, years, inorder prove! if they:have: been win 
remain_on sure: foundations or otherwise. bss 

(6) To examine afresh: the:proposals: and. ideas the old 
patent and other. winhowing: from, the seeds 
of things, which may now be pa co and made :to produce: fruit, but 


which, when, they. were. first- ‘not ‘be done rane 
the 
Lf} research,.can accomplish these fon! it willl ‘repay any 


reasonable sum spent. on it, just;as-it: has'done:in. other fields: where it 
been, properly, although they were far: more restricted 
are ours. In, the meanwhile, however, we.can perhaps, with the greatest 
adyantage; follow on, the ‘sound: and practical lines adopted ‘by: Sir Alex- 
ander ennedy, with such marked success years~ago. We can at 
e game, time avail. ourselves: of. the extensive installations: in: the physi-. 
laboratories | of our colleges: and technicalschools' carry out»many 
and do much: useful. work. |; Such inyestigations of various 
already been. carried on; in many, of-them with advan but 
of. they. -have not: been: always ‘so sprodu ive of 


as they. might otherwise: have 19 Mi bas 
While on. topi¢.it may be well warn you: ‘not to ‘expect: too 


i 
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from’ experiments -with’ models of engines ‘or! of any 


machinery ‘on 
for defects: which, in them, will ‘be 


may and’ often are in: the real: thing, when in use; a great and ‘over+ 
whelming' cause: of: trouble. ‘With a ‘suitable and efficient’ staff ‘andthe 
necessary’ means,’ a school of ‘marine: engin eering ‘research’ should: be 
available for ‘practical investigations on ‘shipboard aswell as on ‘shore, 
whereby) shipowners | could’ “have «their: troubles ‘investigated ‘and: “the 
efficiency of their machinery tested, whenever occasion demands, in’ ways 
impossible by ‘the ordinary engine-room ‘staff, from want of time: that 
can be diverted from their regular and necessary | ‘duties 'to that required 
for: such ‘work,’ Moreover,''there is the difficulty arising’ from’ their 
inability by both training and t ament to act sufficient’ and 
critical discrimination, so necessary for it to be carried out thoroughly: it 

‘The work done at home in the ordinary physical laboratories ‘can ‘be 
made ‘more ‘useful and instructive ‘than ‘hitherto if directed’ from’ one 
sympathetic center which can co-ordinate the results: 
when necessary; will subsidize the work. > 

In our educational establishments there is, arid I 
must always be, “the daily round and common task,” required not _only 
by the educational authorities, but such as is necessary, for so, training 
the students that they may acquire proficiency i in the rudiments as well, as 
in the methods of research. 

Real research does not in itself amount to much, but I venture. to ‘think 
that, such as it is, it might do so if directed special au thority. to 
ensure that the investigations are carried out. in.a systematic. way, and 
that all are co-ordinated so as to afford complete evidence ‘by which to 
arrive at correct conclusions. Moreover, in making these. investigations 
will, believe, be more interested, and probably, learn mors 


from them than by merely following the stereotyped courses. uel 


RESEARCH’ ‘WORK ‘SHOULD BE ‘DIRECTED BY sreciat aurmonrry, 


Of another thing we may» be pretty certain: that in ‘these days of 
strenuous and unremitting work research can no longer’ be left ‘inthe 
hands of those engaged in manufacture or professional work of the ordi- 
nary ‘kind, nor indeed are many of ‘these’ best fitted by temperament’ and 
training for the patient; methodical work required: for investigations. 
But they are, however, eminently fitted by ‘their knowledge, experience, 
and daily occupations to direct and control ‘such work as is ueceyeary: for 
pe administration, both monetary and otherwise. = 

‘That ‘so:many inventions have been made by men not of: the’ profession 
nor engaged: in ‘engineering’ work, ‘seems to me’ convincing 
; that: the class of mind best suited for research and discovery differs 
laigety and fundamentally from that which in other men succeeds in ‘di- 
recting successfully all kinds of ‘work, men; and other ‘operations: ‘Hence 
I suggest the differentiation indicated above. Bramah' was ‘a blacksmith 
and maker of locks; George Stephenson was a fireman; “Sctew-pro- 
peller” Smith, the man who ‘patented a good workable propeller and 
the Archimedes built, was a farmer Samuel: Hall' was in the lace trade; 
Goldsworthy Gurney, a doctor. The inventor who exhibited ‘an internal 


combustion engine a hundred years ago’ at Cambridge was ‘a’ parson, ‘as 


was also Ramus, the inventor of the hydroplane ship; James Watt was 
an an optical instrument maker; the inventor of the chronometer, and win- 


ner -of the King’s -orize for’ “it, ‘was a gardener; Increasing-pitch” 


Woodcroft was a librarian; Bessemer was an artist ; Armstron a la’ 
and even in our own day we have ‘had very ‘many valuable additions ‘ 


to our knowledge by men outside the profession, which all goes to’ 


i 

: 
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made 
show 


how much more liberal we are than, the members. of those other, Broker: 
sions who would monopolize that adjective for their own. 

For sdentnistrare purposes, therefore, such a committee as that over 
which I have the honor to preside* would be a very suitable one; consist- 
ing as it does of members of every ‘branch of the marine 
profession, selected by the various institutions interested'in marine engi- 
neering progress, and pavitg on it also representatives of such bodies as 
the Board of: Trade; 'Lloyd’s ‘Register, the Bureau ' Veritas, and British 
Corporation. To them might be added with great advantage representa- 
tives of the Admiralty, the Indian’ and ‘Colonial Governments. 

A suitable staff with a director at its head would’ be‘ also: necessary ; 
but I do not propose to deal with such details, as for the present I am 
chiefly concerned to win from’ you the acceptance of the principle that 
there should be some definite’ body’ to take up seriously the direction of 
the work of research in ‘all marine engineering matters, and, further, 
that there’ * shall ‘be’ no ‘longer any delay in forming such a body ad hoc. 

BRITISH RESEARCH DEPARTMENT. 

Many of you no doubt are aware that an important sich olvealenilit De- 
partment was constituted in 1915 under the title of “The Committee of 
the Privy Council for Scientific and Industrial’ Research,” ‘and that it is 
assisted ‘by an Advisory Council as well as by standing committees on 
engineering, metallurgy, mining, and other applied sciences. 

fund ‘of £1,000,000 has been placed ‘by Government at the dis- 
posal of the Research Department to encourage British industries and 
to undertake research work generally, but so far I am not aware that any 
of it is earmarked or otherwise reserved for any “undertaking that may 
be considered as marine engineering, notwithstanding that the importance 
of this branch of industry to British and colonial maritime interests 
should entitle it to a considerable share of such a grant. 

It appears, however, that it is proposed that certain bodies or associa- 
tions in various localities representative of the local. industries, shall co- 
operate with the Council of Research, and ‘that the cost of such research 
work as may be undertaken in this way shall be partly defrayed from the 
funds subscribed locally by parties interested in the ‘results and partly 
by grants from the Government Fund equal in amount to ‘the subscrip- 
tions, In this way marine engineering may possibly’ come in. for recog- 
nition. 

On the Main Advisory Council we’ find one ‘of our’ ‘distinguished 
vice-presidents, Sir Charles Parsons, and reprteesting the Admiralty as 
assessor to it is another vice-president, Sir H Tennyson @Eyncourt ; 
while on the Standing Committee on Engineering this \ Institution is 
directly represented by Sir Archibald Denny and indirectly by .some of 
our members who represent other institutions interested. in marine engi 

neering. 

We can be sure, tuersian, that 'the interests with which this: Institution 
is so clearly connected will not be entirely overlooked, and that to what- 
ever use the funds thus furnished’ are put and whatever great opportuni- 
ties are thrown open, naval architecture and marine engineering will 
have their fair claims for consideration fully satisfied. 

The En Committee, referred to above have furnished a list of 
subjects — thug © be suitable for our immediate research in marine 
engineeri ng. he ig covered by, this list is.so wide and. instructive: as 
to emphasize all tha have said in support of the necessity for research 
in marine and I cannot_do better spend it Paper 

and commend it to your 
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‘The brush Marine Design and Construction Committee, 
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‘FOR CONSIDERATION SUGGESTED BY THE ADVISORY COUNCIL FOR 


SCIENTIFIC AND INDUSTRIAL, RESEARCH. . 


Marine Engines. 


(a) Consumption per, ‘indicated horsepower or ship horsepower of 
Various, types of engines. 
Accuracy of torsion meter experiments. 
oe, of, gearing of various kinds between engine and Tine 


(d) Limits..of peripheral speed for gear wheels, 
4a Application of roller or ball bearings to marine engines. I 


Lubrication of stern tubes... | 
g). Best kind and shape of nozzle for impulse turbines, 
h) Superheat and jits effect on cylinder materials. . 
Cylinder. cooling (internal combustion engines). 
(k) Further investigation as to the value of water injections. | 
(1) Internal combustion turbine engines. 
aan Lubricating oil for high temperatures. © 
Most efficient management of condenser cooling and 
extraction of condensed water. 
Air pump efficiency. 
Feed heaters, various types. 
(s) methods of preventing from entering 
ilers. 


2. Marine Boilers and Fuel. 


(a) Direct coal burning on grate. © 
(b) igre coal dust firing. . 

Oil burners for boilers. 
(e) Boiler tubes. 

( ) Transmission of heat. 


ing of boilers and steam | pipes. 
Mechanical stokers. 


3. Constructional. Materials. 


(a) for turbine blades, or reaction, ‘saturated or 
perheated steam. 
(b) Mixtures of iron for internal combustion engine TERETE 
¢ sting under pressure. 
rs Gun metal; heat treatment. of, etc. 
Non-corrodi alloys. 


ak Bearing metals. 


Methods and 
Distribution of refrigerated 


materials. 
International Marine Eaincring” 


MOLYBDENUM AND FERRO-MOLYBDENUM, 


é Molybdenum belongs to the group of heavy metals comprising tantalum, 
titanium, tungsten and vanadium, which ate capable of imparting special 


to steel. “It was discovered by in 1783; its symbol is 


it occurs as a its atomic wei is 96.0; 


8.6-9.01, and specific heat 0.066. Molybdenum is a metallic element whose 
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NOTES. 567 


compounds are quite widely diffused, but its ores are very rarely found in 
considerable quantity, It has never been discovered in nature, but in- 
variably alloyed with some other compound, of which it generally forms 
but a limited percentage. It is a white metal, hard, and somewhat’ mal- 
leable. The ore of molybdenum, on which ‘the world depends for its main 
supply of the metal, is molybdnite, a sulphide; MoS., which occurs in 
hexagonal plates or masses, thin, foliated similar to graphite, and much 
resembling that mineral, This ore has a grey color and streak, olive 
colored on white paper; it can be differentiated from graphite by its high 
specific gravity. Molybdenite occurs in a great variety of rocks in differ- 
ent parts of the world, including practically all the main: groups, but its 
occurrence with granite and the more acid rocks, of which that’ is the 
type, is by far the most usual and typical. When: molybdenum ores occur 
es 

Another mineral which’ has been found commercially suitable as a source 
of molybdenum is wulfenite, a lead molybdate. This ore, to be useful as a 
source” for molybdenum, must not cafry as impurities large quantities of 
copper, arsenic, vanadium or iron. The ease or difficulty of ‘concentra- 
tion has much to do with the feasibility of profitably mining and develop- 
ing molybdenite: deposits. Unless the minerals occur in tolerably large 
lumps, so that they can be hand picked, it has been found somewhat diffi- 
cult ‘to discover a satisfactory method of separating the ore from the 
gangue material. Both the oil and the static electric methods have been 
used with varying sticcess. Only rarely does the mineral occur so coarsely 
divided that it may be hand picked; the ores are prepared for the market 
in two forms—powdered, and as ferro-alloy. The powdered form is ob- 
tained by heating some form of oxide with a reducing agent, such as 
carbon in the form of charcoal. The first ‘stage produces the dioxide, 
which is not readily volatile. Prolonged heat and high temperature result 
in the production of the metal. Ferro-molybdenum, with varying moly-~ 
bdenum content, is made by the use of the electric-resistance furnace, 
either direct from the sulphide or from the roasted high-grade sulphide. 
By this process the impurities can be slagged off; in the case of the pow- 
dered metal the impurities are subject to extraction by means of a 
solvent, otherwise they remain with the metal. 

Molybdenum alloys are made in part at the Niagara Falls by means of 
the electric furnace, .and when they are made elsewhere metallic allu- 
minum is largely used as a reducing agent, which is also.a Niagara power 
product. These alloys form the chief’ constituent of a group of products 
which are’ absolutely necessary in the manufacture of high-speed tool 


steel, magnet steel and a variety of special steels, : Alloys can be formed 


of the two ‘elements, molybdenum and tungsten, by compressing a 
mixed powder into briquettes, and then heating them’ with an’ electric 
— in- an ‘atmosphere of hydrogen. Alloys can be produced: vafying 

in composition from 100 per cent molybdenum to 100 per cent tungsten. 
Thermal and microscopical analyses show that molybdenum and tungsten 
are’ completely isomorphous. All alloys of this series are malleable and 
ductile under proper conditions. Alloys of molybdenum and tungsten 
have’ been suggested as a substitute for platinum and its alloys, the prices 
of which are abnormally high. ‘It has been ascertained that, except in 
two respects, molybdenum meets the requirements of a practical substitute. 
These two defects are its relative ease of oxidation and the difficulty with 


which it can be soldered; but both appear to have been’ overcome’ by 


coating with a precious metal or tae 
of molybdenum have been published 
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during the past twelve. months. During March, 1916, “ The Board of 
Trade Journal” published.a notice prohibiting the exportation of ferro- 
molybdenum from Great Britain to all destinations, All supplies of moly- 
bdenite ores in Australia were requisitioned by the Minister of Defense 
during December, 1915, and a maximum price of 105s. per unit of con- 
tained metal in the ores was fixed. (See below for definition of “ unit.’’) 

Several localities for the supply of molybdenum ores may be briefiy re- 
ferred to. Ores have recently been found in New Zealand, at Takata, 
and samples assayed are stated to have contained 50 per. cent of 5 
bdenum oxide. Ores occur in New, South Wales and Queensland; w 
for treating them have been established in Sydney. 

Several, deposits of the ores occur in Eastern Ontario; these have been 
opened. out and are being worked. There are dressing slants at Renfrew: 
and Ottawa, Ferro-molybdenum is being made at Orillia and Belleville. 
The so-called “sierra” districts of Peru are highly mineralized, and 
contain molybdenum ores, as well as many other minerals. 

For, several years. important molybdenite mines near Phelomarken, in 
Norway, have been worked in a somewhat primitive mdnner, but during 
1916. a more. modern system has been introduced. The value of the out- 
put has inereased fourfold during the last two years. During 1912-13 it 
‘was only worth 4s. per kilogram (2.2 pounds), but the average price last 
year was. about 1/. per kilogram. A large number of borings have. dis- 
closed: molybdenum ores toa very considerable: depth. The Dalen deposits 
are stated to be most important and of exceptional depth, the quality is 
also satisfactory; at the Kvina molybdenum mines the rock contains an 
average of 10 per, cent of molybdenum; whilst at the Dalen mines -the 
percentage is probably even a higher one. Crushing machinery capable of 
dealing with 100 tons every 24 hours has ‘been installed, and it is intended 
that the washing plant should be kept continuously at work, day and 
night. The product, it is estimated, will contain about 97 per cent of 
molybdenum. It is proposed to establish a works for the production of 
pure molybdenum. by an. improved process, 

Up to the close of 1911 the demand for molviiensin remained station- 
ary and very limited’ in the ‘United States; with the exception of some 
slightly increased use of the metal in’ Europe the outlook did not look at 
all encouraging. The production in the United States was very small, 
hardly worthy of notice—not due to any scarcity of the substance, but to 
small demand. More recently a larger supply was required, which re- 
sulted in an active’ search for molybdenum ores in the United States. 
During the spring of 1915 molybdenite concentrates were produced from 
, a mine near Empire, Colorado. This is the first American mine to be ex- 

tensively operated for molybdenite, 

There are several localities in the United States and Mexico where 
molybdenum ores could be mined profitably; they occur. in more. or less 
widely separated localities north of the international boundary of the 
United States and Mexico, in the Santa Rita and Patagonia Mountains, 
not far from the Southern Pacific Railway; in the Pinna and Santa Cruz 
Counties, Arizona, Mines. have been opened up some thirty miles south- 
east of. the town of Tucson. Wulfenite has been found in a number of 
places in Utah, Nevada, Arizona and New Mexico, also to a very limi 
extent in California and some other States. 

- New. and sensitive tests for molybdenum are now available; the older 
test yielded a characteristic blue color, which appeared as a. fugitive tint 
in the first stage of the reduction of molybdic acid. by. nascent hydrogen. 
- It is now possible by means of an improved test to obtain a permanent 

blue color ;. for developing it. A 


‘ 

. 
By 
: 

4 

; 


s69 


solution’ containing a trace ‘of alkali molybdate when acidified’ with acetic 
acid and treated with’ a little hydrazine sulphate and boiled, rapidly turns 
deep blue and retains the color on boiling. When a slightly ‘acid solution 
of MoO; is treated with potassium iodide (in some excess) aid boiled ‘for 
some time, iodine is slowly liberated and the solution ‘turhs ‘blue. A well- 
known’ and tolerably sensitive test for molybdenum is’ that’ in which’ the 
acid solution is treated with sulpho-cyanide anda small ‘scrap' of zine 
added—a crimson’ color is then obtained ‘in a few’ seconds: Shotild iron 
also’ be présent the solution becomes blood red when the sulpho-cyanide is 
added, but when’ the zinc is placed in the solution it becomes colortess, 
through reduction to the ferrous condition, but after’ a ‘few ‘seconds ‘be- 
comes crimson, Should Mo be present. © 

“To test molybdenum minerals a pulverized specimen is: ihioistenied with 
eae “tn sulphuric acid in a porcelain crucible arid evaporated almost 

to dryness: Upon ‘cooling, should molybdenum be ‘present, the’ crucible 
will have a beautiful dark blue ‘coating, which is presimed ‘to be a mix- 
ture of oxides. This test is readily and easily performed, it is ‘character- 
istic, and no element or mineral’ generally associated with molybdenum 
compourids is known to interfere with this test. The mineral with which 
molybdenite is most likely to’ be ‘confused is graphite, which occurs ‘in 
some localities‘in flakes, almost, if not quite, as flexible as' those of molyb- 
denite. The latter also in a form which gives no’ suggestion to the eye of 
a flaky structure. There is, moreover, generally ‘a noticeable ‘differetice in 
color, as the graphite is an absolute black, whilst the molybdenite has a 
greyish metallic appearance ; but ‘even these characteristics ate not abso-- 
lutely reliable, as impure mol enites are known which are glassy black, 
with no suggestion of flakiness, and which, moreover, givé a black streak, — 
though the usual streak, as stated above, of tholybdenite is olive-tinted 
on white paper. In addition to’ the test ‘mentioned above, molybdenite 
may be differentiated from graphite by treatment with’ nitric acid. “Molyb- 
denite is attacked by the acid, with a resulting white or’ grey powder 
(molybdic oxide), whilst graphite is not affected at’ all. Molybdenum is 
not affected’ by air at the ordinary temperature, but it ‘slowly oxidizes 
when heated to redness. From’a concentrated solution of any molybdate 
hitric or hydrochloric acid causes 'a white precipitate to be formed. 

There are’ many uses to which molybdenum and its various compounds 
have been put, as ammonium molybdate’ to détermitie ‘phosphorus ‘in iron; 
as fire-proofing ‘material; as a germicide; disinfectant; as sodiam 
molybdate to color ‘pottery and porcelain ‘blue: to dye silks and woolets; H 
as molybdenum tannate to color leather} and as molybdenum: “ indigo, 
MosO,, it is a useful but expensive pigment for india-rubber, which, it is 
stated, is not injured by its use. Molybdite, known as molybdic ochre) is ‘a 
straw-color to ‘white mineral containing’ from 50° per cent to 60.7 per 
cent of molybdenum, and is considered to be a hydrated iron molybdate. 
There are a dozen or more known | Salts’ Of molybdenum, most of them 
of only ‘scientific ‘value. 

Molybdentiin ‘is’ ‘one of the ‘which’ at present’: toler- 
ably high ‘price, but it is possible’ that by improvements “in' metallurgical 
jpeg it ‘may in the ‘not distant future be produced at'a considerably 
ower rate. During 1910 the’ price ranged from 10d. to 1$d. per pound for 
material 92 cent of molybderium sulphide, equal to’ from 
to ‘1409; 1915 ‘the’ price was’’ about’ 2087.” per’ ton, 


and ‘at fie sat of 1915 and the commencement of 1916 ‘it’ was 3121. 
for 95 per ‘cent product.’ The Canadian output of concentrates during’ 1915 
approximated’ to 20,000 po: ren valued at 4s. 2d. per pound; equal’'to 466/. 


per ton. During’ the n of 1916 a considerable ‘démand' for moly- 
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bdenite occurred in the United States, but the supply was. limited; the 
price per pound ranged from 7s. to 7s. 6d.. There was a considerable de- 
mand for ferro-molybdenum at 16s. 8d. for prompt and 15s. 2d. for for- 
ward contract; towards the end of 1916 an advance in the price of molyb- 
denite occurred up to, 8s. 4d... Before. the increased demand, of 1916. the 
standard requirements for concentrates were 85 per cent to 90 per cent 
MoS:, and, except in very small amOaMBth, Gopper, bismuth, arsenic and 
tungsten, when present, were penalized, The increased demand has re- 
sulted in easier conditions. The purer the molybdenite the less treatment is 
necessary for the final operation of reduction. The preparation of the 
oxide into the commercially pure form is not an easy one; it is effected 
by roasting the sulphide first to an oxide and then leaching the mass with 
ammonium hydro-oxide, which dissolves. the.oxide and forms ammonium 
molybdate. Copper oxide forms an,objectionable constituent. In the de- 
termination of. phosphorus in molybdenum compounds and molybdic acid 
separating out of the acid solutions. containing phosphorus carries a con- 
siderable amount of this element out, forming phospho-molybdic acid... 

. The, terms “unit” or “content” are frequently used in quoting the price 
of molybdenum ores; the former refers to the price per. net ton of ore 
guaranteed to contain a given percentage, possibly with bonus or penalty 
per unit for anything over or under. the given percentage. The word 

“unit” is used in the same sense as per cent. .The “content” system isa 
somewhat simpler mode of quoting, thus: 3s.. per pound for MoS, con- 
tained in concentrates of 90 i cent molybdenum sulphide. An.example 

_ will make the system clear. If 10 net tons of 93 per cent concentrates are 
purchased, then that percentage of 22,400 pounds would be 20,832 pounds, 
which, at. 3s, per pound, would amount to 3,1241..16s. 

With such limited natural supplies of molybdenum ores it is important 
to prevent loss, or to reduce it to a minimum, By the flotation process 
waste ‘has been prevented, as it. has been successfully applied to molyb- 
denite ores on a large scale without the use of. either acid or oil. The 
antagonism of the surface of the mineral itself to merting: action is sufi- — 
ciently pronounced to enable it to be floated, off under the conditions. in 
practice. Even: after having. been crushed wet and passed through an 
ordinary wet concentration mill it may still be floated by bringing it in a 
suitable manner upon.a water surface. Thus at one mine the. tailings from 
a wolfram-bismuth concentrating mill, all passing a 20-mesh and contain- 
ing only. 2 per cent. to.4 per cent of molybdenite, are treated by pens 
them over suitable flotation boxes without the aid of.acid or o 
flotation appliances: consist of a series of cone-shaped. boxes, with the 
usual overflow, the ore being fed on to the water surface by. means of an 
inclined plane; the. molybdenite, in the form of a thin scum, passes over 
the overflow lip, whilst, the tailings are discharged at the bottom of the 
boxes. The necessity for a rapid forward movement of the flotation sur- 
face. involves the use of a somewhat, large overflow of water, which. is 
contaminated with the gangue of the ore. Instead of the molybdenite 
overflowing with the water, it may be intercepted by a belt, on to which it 
floats, and it is then carried across the overflow lip, whilst the. water pass- 
ing over the lip is free of molybdenite. The clean molybdenite is washed 

the take-off belt into a settling trough, whilst the gangue passes out at 
‘the bottom. of the flotation boxes. At an American. mine molybdenite 
and pyrite are being successfully separated by the flotation process. The 
ore; carrying about 25 per cent pyrite, has been separated by the 
use of a weak. hot solution of sodium. bichromate... Molybdenite is..so 
much more readily floated than pyrite that a solution. of posta rhephifor 
mate is almost unnecessary in many cases.—“ Engineering.” . 
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THE ENGINE* 


y Cuartes E. Lucxe, 

The heavy-oif, engine. is of particular interest at this time because 
those who are familiar with the problem. believe a, change is coming 
in the situation. It is. my intention to present, in a more. or less 
informal way, some of the ideas involved in. the development up to the 
present time.and also those which lead us. to believe that a change is about 
to take. p and in about what direction. What.I say is somewhat in 
the nature of a prediction, although he.is a bold man who undertakes to 
make a prediction on these matters. . Nevertheless, I am inclined to have 
a little more confidence than usual because about a year ago I talked to 
you here about aeronautical engines, and showed those who, were not 
already familiar. with that fact from what a chaotic state the art.of aero- 
nautical engine construction was then, emerging, and ventured to lay down 
some general lines of practice that seemed to be proper and a good basis 
for future work to follow. 

Since that time this country has. been drawn into the great war, and 
likewise since then the Liberty motor has been designed and put on @ 
manufacturing basis. A good many ideas that were presented a year ago 
before the inception of that motor, and before there were standards of 
‘any kind, haye been incorporated in it. A number of the things which 
were then not ‘standard and which were. recommended as ‘standard have 
since become. standard. 

I feel, therefore, somewhat more confident in the sort of prediction to 
be made tonight on the heavy-oil engine. 

It may be of interest for me also to say here that’ as a result of the war 
my entire time, to the exclusion of all other things, has been devoted to 
the subject. of internal-combustion engines for the navy. service. The 
Navy..Department has..established at Columbia—about the M 
Engineering Department, as a nucleus—the. official United States Na 
Gas. Engine School, and over nine hundred men have been given, a 
without. any internal-combustion experience: before they came, a. four 
weeks’: finishing, course of training and have been turned out into the 
service. Of those men, the leading engineers of over two hundred of the 
submarine chasers form a That work is now going on and will con- 
tinue until all these boats have been manned with trained men. | 

It is interesting to note, also, that these boats were non-existent a year 
ago; they did not even exist completely on paper, and before a year will 
have passed from the time when they were paper things there will have 
been. completed, and in the water and completely manned and officered 
trained men, over three hundred of them, Even though that, is a s 
matter in the naval, program, it is nevertheless an accomplishment that all 
ong ht to feel proud of. 

he, gas-engine school at Columbia University is also now: undertaking 
to train the engineers and leading mechanics to take charge of the motors 
for. the navy. foreign flying base, station service. I mention that because I 
want something. from you in that connection: to help secure fine, compe- 
tent. internal-combustion engine men who are. also machinists, and there- 
fore the kind of men that can safely be trusted with the enormous respon- 
sibility, of proper maintenance of. an aeronautical motor, the failure of 
which which, may cause.the sacrifice. of life. We. will not adertake to train 
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any man who is not at the start a pretty good man—at least from the 
experience standpoint. We are not finding these men at the present time 
as fast as we need them, so I am mentioning this fact with the idea that 
those of you who are here and who know such men will let me have their 
names, or at least tell them to apply for that class of service, if they like 
it, and I will see what can be one to bring them in. The leading men 
will receive the rank of Ensign in Class 5, the Naval Reserve Flying 
Corps, and will have the job of Engineer Officer, ; 

To return to the subject, the heavy-oil engine. The heavy-oil etigine in 
this country has never amounted to very much. That fact itself should 
prompt some inquiry, because this country is the home of petroleum. 

The heavy-oil engine as an internal-combustion engine has so far 
proved itself to be capable of the highest known thermal efficiency ‘in 
transforming the heat of combustion into work. Efficiericies approaching 
40 per cent are normal, and in some rare cases this is exceeded. This is 
not equaled by any other system that has ever been produced: 

Puttin those two facts side by side, you will see a cause for wonder at 
once. Here is America producing more petroleum than any other country 
in the world, and doing it for a long time back—something like’ fifty 
sere E yet the motor that operates with this oil—the most efficient 

own—the heavy-oil engine in this land of petroleum ‘is, compared with 
other classes of machinery, practically a failure. It is a failure in’ the 
sense that the business of producing it has not expanded materially, an 
it has been in general an unprofitable business. No one in this country has é 
made much, if any, money in building oil engines, and a great many who 
have thought of going into the business with excellent prospects, good 
pice! and plenty of ‘capital behind them finally decided not to do so on the 
et of failure to ‘Produce dividends on the part of those who are 
already in. 

“There has been ftom the beginning great interest in the oil engine, It. is 
a thing attractive to the mind. Everybody thinks about it. And yet, on 
the commercial side, there has been very little demand—not sufficient de- 
matid ahywheré—to watrant any really large establishment cones 
itself to the production of oil engines with a competent engineering sta 
and research department such as would be necessary to do. the ‘thing right. 
This lack of demand is rather difficult to explain, but ‘it is nevertheless 
real. Assume it to be a fact, without ‘investigation, oor: Sn t it down as 
the first of the various Causes for ‘lack of develo he next cause 
is the fact that this is the land of petroleum, and t crctove the land where 
petroleum and its products are held in least value.’ In other words, we 
are prodigal of petroleum and have not the inducement, by reason of our 
multiple supply, to economize it. In the place where oil is so plentiful 
_ naturally it is not regarded asa valuable kee eh nearly ‘so much 

as in a distant country, where its cost is high. That fact makes the high 
efficiency mentioned before lose its attractions, and when it is remembered 
that the machine to produce this high efficiency is a costly machine, 
therein lies the ‘elements of financial balatice that turn the wrong way. 

‘The cost, of power, when it is the controlling factor—and that is tisually — 
the case ‘in ‘stationary installations—is made up of two charges: fixed ofthe 
operating. “The fixed charges are based primarily on the first cost ae 
engine, Sia the ‘heavy-oil engine has always been an ‘expensive ‘¢ti 
never less than $60 per Horsepower and often’ as much ‘as $80 pet 
mn er. On the other side is the opeiatinis ing expense, the principal item of 

ich usually is ‘the cost of fuel. more highly is the’ engine, 
_ in fuel consumption, the less will be the fuel cost horse Fate wal 

and therefore the more prominently this heavy fixed Bate will | 1 stand out. 
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‘In all cases ‘where the cost of power is the’ controlling factor these 
financial facts are ‘to be laid beside the fact of the lack of demand fot 
these oil engines. Nevertheless, as time goes on, inventors, designers and 
research men are not deterred from trying out schemes, ‘so that, in’ spite 
of this lack’ of financial and ‘business encouragement, there is a very con- 
siderable degree of progress—much ‘slower ‘than it ought to be, but never- 
theless real. Unfortunately, in this case the public in general is not in- 
formed about this progress, and therefore when, due to a change in 
economic conditions, the time comes to make use of all the available infor- 
mation on the subject, we suddenly wake up to the fact’ that it is in the 
hands of a few people and the rest of the public knows nothing about it. 

The present is a time of change, and there are two reasons for that. ‘In 
the first place, the war has brought about a shipping ‘situation which is 
unprecedented in the history of the world. There is a demand for ships 
today such as never. existed before, but there is at the same time just as 
real and as strong a demand for the men to run those ships. The heavy- 
oil engine is one of the various possible ways of driving 4 ship, provided . 
the ship be not 'too large. Its fuel economy is a direct valtie in ship opera- 
tion, since it gives a larger cruising radius or the maximum possible vargo 
¢apacity. It, furthermore, is peculiarly adapted to a ship, in view of the 
fact that we are facing a ‘labor shortage in ship operation, and the heavy- 
oil engine ship can be operated with less men below the deck than any 
other type of vessel ever produced—except, of course, the small gasoline 
boat. The war; then, has brought to our attention this heavy-oil engine 
as a possible motive power for the smaller’ of these new ‘merchant vessels 
as ‘well as naval vessels, though more’ mércharit than naval. And it is a 
fact that shipping people are considering this question today all over the 
coutitry; but’ most of them are afraid to act. They would all ‘like to,’ as 
near as I can find out by talking to them, but they are afraid to act. To 
my ‘mind, the time is not far distant when they will have to act, or lose 
something by not acting. 

Aside from the shipping situation there is’ ‘arldthier reason, and that’ ‘is 
the économic reason’ of an appreciation of the value of this wonderful fuel 
that Nature has placed*beneath our country’s land’ sufface. ‘This fuel is 
peculiarly adapted to this sort of ‘use: the generation of power in internal- 
combustion éngines directly, with the highest possible efficiency and the 
least possible man attendance.’ Fuel has been wasted in this country, 
especially in that region near the oil fields, just because it was plentiful. 
Nevertheless, we are coming to the point when’ the people—if not ‘the 
people, certainly the Goverriment—will be compelled ‘to force' the abandon- 
ment of the use of this fuel for all purposes where other kinds Of fuel 
that can be had'in more ‘plentifiil supplies’ would do as well. When you 
consider that oil or petroleum is the only kind of fuel that can be used in 
the high-efficiency engine, then’ it becomes clear that to’ burn it to warm a 
living-room where charcoal or wood or coal of ahy grade would do quite 
as' well is to commit a sort of economic crime! That feeling and the 
financial: consequences Of not acting’ upon ‘the realization of that’ situation 
will come to a climax before very long, and result plan’ for 

r 


‘tion of ‘our liquid’ fuel or petroletim supply, so’that it shall: be used 


only those purposes for which it is peculiarly’ adapted ‘and ‘be barred from 
all’ other ‘uses where’ ‘other things will suffice.’ In ‘the ‘natural ‘course of 
events people ‘wait for prices to bring such a situation about, but this’ is 
not a time’ that’ properly is classifiable as belonging in the tlatural course Of 
events. - This “i8 ‘a timie ‘which is distinctly abnormal and unnatural. We 
hear every day plans proposed arid ‘turried down because’ there is ‘no 

cedent;’ with always the rejoinder that “here we are in a great Wat for 
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which there is. no so why follow precedents in other things? 
We have been forced.to change in a thousand and one things, so let. us 
ein a thousand and two things, and do it quickly. 

I could, expand to considerable length along. the lines. of the economic 
situation with regard to the use of oil and the peculiar adaptability of oil 
in the internal-combustion engine, and the. particular adaptability of that 

ss of engine to the ship service, but I want.you to realize that there i is 
another field also where there is a. demand slowly but surely growing up, 
and that all these separate demands, coupled with the growing change in 
the economic situation, must certainly, one piling on top of the other, pro- 
duce a new. condition which I foresee. 

We have a real gasoline automobile industry, and it is becoming a 
great manufacturing industry, but it is today tied up to and inherently 
dependent upon the lighter petroleum distillates. There is no highly 
economical gasoline or kerosene engine, and every reason leads us to 
believe fundamentally that none can be produced.on the present system. 
_ To make our automobiles and motor trucks and tractors run, and to make 

our available sources of fuel supply last, there seems to be only. one 

solution, and the leading engineers and. mechanics in the automobile. in- 
dustry are beginning to talk about that solution: the adaptation of the 
heavy-oil type of engine to the high-speed class of service which, such as 
the automobile and the tractor require. It is coming; there can be no 
question about it. If anybody is able today to produce the high-speed 
type of:engine necessary, even though it costs more money to build, .rest 
assured it will be adopted very quickly. 

There is a third field, and that is the field of direct-connected electric 
generating sets, For a long time in the gas-engine business we built en- 
gines to drive generators in a kind of haphazard fashion. As time went 
on a particular type of outfit began to appear—a direct-connected, high- 
speed generating set, with engine and generator on one base, self-con- 
tained, the best example of which, on a small scale, is the Delco ye 
outfit, which is being sold at the. rate of over 50,000 sets a- year now 
over the country districts. There are corresponding units of other desi 
in larger sizes. The fact, that these sets are generally confined to gasoline 
limits their use, because in man; places gasoline is unsafe to use; in other 
places it is not obtainable; in still others the cost of it is prohibitive. It is 
apparent that if. we had the heavy-oil engine adapted to that class of high- 
speed, multicylinder, service, and with the negeeaary: degree of. regulation, 
it would open up still another field. 

So in the field of application of the heavy-oil engine I see just ready 
to be invaded these three things: First, a widened use for eed acre, 
a new use in:the automobile type: of. motor; third, a corres: 
use for. direct-connected, high-speed electric generating sets. or eae 
they. be used on land or ‘aboard ship, it does not matter. If ‘they are ~ 
signed. right they are serviceable in either place. 

It is. of interest, and particularly pertinent here, to review. some of the 
ideas that have been developed to date, arid some of the suggestions 
available as lines of possible development in the direction of real progress. 
And this review I divide, for the purpose of clarification, into 
topics—functional and. structural. 

Under the. functional come all those uestions. connected with the sup- 
ply of air, the supply of oil, the establishment of the proper relations. be- 
tween the oil and air to give the desired control of combustion after the 
necessary compression—in fact, all those physical processes. involved. di- 
ari in the.development of the power within the cylinder. 

nder the head of structural would come all those principles. of. type 


re 
, 


NOTES. 575 


arrangements or typical. part forms, and proper proportions of the metal 
shrpetate that houses these physical processes and thereby produces a 

_ The first item under the functional discussion is that of charging the 
cylinder with air, and this is carried out by either the so-called and well- 
understood 4-cycle system of two valves per cylinder, or by any one of 
several 2-cycle schemes. Of the 2-cycle schemes there are a number. 
First. we have the ordinary crank-case pre-compression chamber, which 
is barred from any engine of. more than diminutive size, because the 
closing of the crank case prevents access to the working parts, in addition 
to imposing other bad conditions. The first step in avoiding the difficulties 
of the closed crank case which are prohibitive in any real engine comes 
when the connecting rod and crank shaft are left open and the front end 


. of the cylinder closed, the front end acting as a pre-compression or air- 


charging chamber in conjunction with an air reservoir, which is necessary, 
so. that the pressure in the front end of the cylinder cannot. rise too high. 
This front-end compression arrangement has certain faults that have 
led to the design and more wide use of..others.. For example, it is. not 
possible in the oil engine of the 2-cycle sort, with the front-end pre- 
compression chamber, to put into the motor end a volume of air equal to 
the piston displacement: the volume must necessarily be less than the 
piston displacement measured at atmospheric pressure. That being the 
case, some of the burned gases or products of combustion cannot be ex- ° 
pelled, and, at the same time, the residue is, hotter than it otherwise 
would be. To correct that, the alternative schemes of a step piston or a 
separate scavenging pump have. been developed, more. particularly the lat- 
ter, The i 4 piston is the first, of the scavenging schemes, and is a 
scavenging scheme because the. volume swept through by the step of the 
piston may be made larger than the volume swept through by the motor 
piston proper, and the excess of this displacement is the, scavenging dis- 
placement. By means of it more air can be put into the motor cylinder 
per charge than can possibly stay there at atmospheric pressure. This 
being the case, the burned gases may be more. completely expelled, and, 
what is much more important, the residue of the gases left there would be 
much cooler before the next compression starts. a 

_ This step piston has certain faults of a structural nature which need 
not be detailed, but which are responsible for the wide. use of the alterna- 
tive scavenging scheme of a separate low-pressure compressor, built 
somewhat along the lines of the old-fashioned blowing engine. This ar- 
rangement is usually double-acting, so that one such scavenging pump 
will serve two single-acting 2-cycle motor cylinders. With it the 2-cycle 
engine can then be made to perform all the things that the 4-cycle engine | 
can do, except as to the negative work involved in the pre-compression 
of that surplus air; so that, while the two engines may perform some- 
what the same, the 2-cycle form will be necessarily. less efficient by the 
lost of negative work, and, at the same time, some of the so-called 
simplicity of the 2-cycle engine has disappeared. So, completely has it 
disappeared that it will be found that the weight, per horsepower has 
grown in the 2-cycle to be substantially the same as the weight per horse- 
power ini the 4-cycle. That is to say, when you start with the simple asthe 
idea with the hope of, getting half the weight per horsepower, because. o 
twice the number of impulses from the same amount of metal, then you 
have to add this and that and the other, thing, and. by the time you have 
got through adding enough to make it a real working engine the weights 
of both types are just about the same. Therefore the 2-cycle as com- 
pared with the 4-cycle, as to weight, might, be called substantially. pay 
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But thete is an inequality in another direction. The 2-cycle, acting’ with 
more impulses per minute in the same volume, will run hotter and 
load the same sized bearings to a higher average bearing pressure, and, 
as a consequence, size for size, the 2-cycle will giye more trouble with 
ab pistons and overheated bearings than the corresponding 4-cycle. 
These are just a few of the reasons why this much-mooted question of 
2-cycle versus 4-cycle as a means of air charging remains a controversial 
matter rather than one of settled, engineering practice. My own, personal 
Opinion about the matter is this: That in the smaller size, let us say up to 
100 horsepower, or 200 horsepower maximum, the simpler form of 2-cycle, 
not with the separate scavenging pump, is a rather good thing and prac- 
tical. In the next range of sizes, from, let us say, 500 horsepower, the 
4-cycle works out best in the 1 run, and from that point up the pendu- 
lum swings the other way toward 2-cycle with scavenging pumps as’ mat- 
ters stand today. But in the larger sizes the artis most undeveloped, and 
most of the uncertainty as to what is the proper engineering practice con- 
centrates right here. AS 
The next item under the functional discussion is the introduction of the 
oil, to form either an explosive mixture for explosive combustion or to 
prevent the forming of an explosive mixture so that the oil may burn non- 
explosively. Before examining the means of introducing and controlling 
_ combustion of the oil, I want to point out the fundamental and controlling 
value of a compression before injection on the one hand, and of the rate 
of oil burning following the right amount of compression, on the other. 
Consider the former point first. It can be demonstrated, and it is pretty 
generally understood now without demonstration, that, other things being 
equal, the more the air vows’ is compressed before the introduction o 
the oil the higher the mean effective pressure will be; and that, of course, 
is a prime factor in power and, at the same time, the higher the efficiency, 
or smaller the fuel consumption. It may therefore be said with practically 
no reservation that in an oil engine as much compression should be carried 
as is possible. But that is not all, After the compression has been com- 
pleted the oil must be introduced either at that time or just previously, 
80 as to produce a suitable and proper combustion line of one of the two 
The two characteristic types of combustion line are, first, the vertical 
combustion line produced by an explosive mixture, and, second, the 
horizontal combustion line produced by a gradual introduction of the oil, 
the oil burning as it comes in, and which latter system has been called the 
Diesel system. It is clear, of course, that we might burn part of the 
oil explosively, raising the pressure a fraction of the maximum 
and burn the rest non-explosively, without further change of pressure. 
Or we might have such a slow. introduction of oil as to cause. the 
combustion line to drop as the piston moves out on the workin; 
stroke. The two types of combustion line are (a) the vertical explosiv 
and (b) the horizontal non-explosive, or Diesel forms. Now, of these 
two methods of oil combustion as to rate, which should one choose? That 
question should be settled before considering the means of introducing the 
oil, because one is not warranted in spending time in determining’ how: to 
introduce the oil until there is first a decision as to what end is to be 
accomplished by it. In other words, we must establish the specifications 
“It will-be found, by comparing the full diagrams for those two combus- 
tion lines, with the same amount of oil and expansion, of course, follow- 
ing both, that about Pk same mean effective pressure is possible with 
both or with either. t is to say, so far as power is concerned, there is 
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no choice, But, on the other hand, when you compare-efficiency or fuel 
consumption, t startling fact comes out: That the constant- 
pressate or Diesel kind of non-explosive combustion is capable of only. 

£ the efficiency of the other kind of combustion, the explosive sort. 
To put it a little differently and more precisely: If the fuel be burned 
explosively after compression, then an efficiency can be produced with a 
corresponding fuel consumption equal to that obtainable with the non- 
explosive Diesel combustion when the latter has twice the compression of 
the former. Again, to put it in still another form: A Diesel diagram 
with nearly 500 pounds compression produces no better efficiency or fuel 
consumption. than an Otto cycle diagram with 250 pounds compression. 
There is therefore absolutely no doubt on fundamental ground as to which 


_ of these two possible modes of burning offers the best promise of results. 


ey are equal in power possibilities and nearly two to one in efficiency 
with reference to compression. When I say the latter, do not misunder- 
stand, Do not think I mean to assert that the Otto can give and always 
will give twice the efficiency of, the Diesel—not at all. They can be made 
exactly equal in efficiencies and fuel consumption with selective com- 
pressions, but when the compression is thus selected to do that thing it 
will require twice the compression with the Diesel, as will be required with 
the Otto arrangement. 
_ This is particularly interesting. when, you consider that fully 90 per cent 
of all the development work: that: has been done with this heavy-oil engine 
has been done with the less promising Diesel cycle, and the very promising 
Otto cycle has been almost entirely. neglected. I say it-has been neglected, 
and yet I do not mean that. It has not been neglected by those, people 
who understood the: possibilities—the ‘students of this. subject. It has not 
attained the popularity or the standing in a commercial way of the Diesel. 
In this functional study! the next important consideration is the com- 
pression itself, and the relation between the degree of compression and 
the mode. of combustion;or control of combustion. .The oil’ has.to be 
ignited, and there are various ways of igniting it, It must not, however, 
be: ignited: until the right time comes; that is, not until a sufficient degree 
of. compression has: been executed—whatever is desired:. Therefore. there 
must be an igniter; and the ignition, as a process, must: be under: control. 
Now, the ignition will always take place whenever any fuel in contact with 
air reaches the ignition temperature. The air under compression is 
rising in temperature and is approaching or passing the ignition tempera- 


ture in that process of compression. Somewhere or another in the 


process of; compression, if it be carried far enough, ignition, temperature 
will be established, and ignition will inevitably occur, if there is any oil in 
contact, with the air. 
It is therefore essential, in considering the limit of compression in its 
relation to the introduction of oil, to have some kind. of. mental picture, 
and preferably exact figures, as to the way in which the temperature 
rises in compression, especially with reference to the ignition temperature 
as a basis of reference; 
The ignition temperature of these heavy oils is a somewhat. uncertain 
physical: constant, but from a experience I.am inclined to think this is 
very close to 950. degrees F., or meat enough to that for i 


"to bring this matter before-you I have prepared a little table here (see 
accompanying table). ‘This table shows at the left, first column, initial air 
temperatures of from 200. degrees F. to 600 degrees F.. before compres-— 
sion. Starting with these temperatures, then, to reach ignition tempera- 
ture it would be necessary to have the compressions indicated in columns 
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two and three. To reach temperature of' 200° degrees less ‘than ignition 
temperature the compression would be as shown in columns 3 and 4. 
‘To reach a temperature of 200 degrees F. over ignition temperature the 
compressions required are shown in columns 5 and 6. Or, for 400 degrees 
F. over ignition temperature, the compressions of columns Zand 8. 
To explain further, starting with atmospheric air at a temperature of, 
say, 70 degrees F. in an engine-room, it is drawn into a cylinder, and is 
bound to become somewhat heated on its way. It will become heated by 
contact with the hot intake ports, sweeping over the intake valves, 
sweeping against the interior cylinder walls, which are very hot, especially 
in large engines with thick metal, and finally it mixes inside with the 
hot products of combustion from the previous shot. So, to say that this 
70 degrees F. air will rise 130 degrees F. and have a temperature, therefore 
of 200 degrees when compression starts ig a very moderate estimate. Ii 
is never less than that, and that is the reason I have made this the mini- 
mum figure. It might ‘easily be much more than that, especially when it is 
considered that in some of these engines the interior is red hot in spots. 
In some of them the whole wall, especially the hot-bulb type, is deliber- 


COMPRESSION VS. INITIAL TEMPERATURE VS. IGNITION TEMPERATURE ( +). 
Com Ibs. sq. above atm. und 
valve Po 


temperature. | temperature |. below ‘above: above 
rt of 950° F. ignition. ignition. ignition. 


Min. Min. | Max, | Min, | Max. | Min. |'Max. 


200 190 293° | 104° | 152 | 305°) 467° | 800° 
300 | | 155 | 79 | 181 | 279 | 282 | 460 
500 4b veo 18 22 5 Ior 118 | 174 
600 8 47 63 79 | 107. 


1. T final. \— 

Based on S = {7 in. | 1-1] 
ately kept red hot as an igniter. It is quite clear that any products of 
combustion or air in contact with that red-hot spot might easily approach 
or exceed a temperature of 600 degrees before any compression | lis’ done at 
all, So 1 make the temperatures before compression range anywhere 
pee 200 degrees to: 600 degrees; and there i is even justification for going 

urther. 

Now, when the comiptession starts’ the pressure follows the general law 
given at the bottom of the table, and from that certain variations follow; 
but we are not quite sure as to what value the exponent 'S has, although 
we do know it cannot ‘be ‘larger than 1.4. We know by experience it is 

not less' than 1.33. So, for each one’ of these values I have ‘calculated 
two figures—the compression pressure in pounds per square inch above 
the atmosphere—and you see here that to reach ignition temperature with 
200 degrees initial ‘temperature ‘would require '190 pounds compression 
minimum to 293 pounds maximum—actually somewhere between; it ‘is 
difficult’ to’ fix it any ‘closer.’ Whereas; if the initial temperature was 
600 degrees, then the ignition temperature would be reached in that same 
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cylinder’ with | a compression of only 23 pounds to 31 pounds. That b brings 
Out in the most’ striking fashion this fact: That if the fuel is in contact 
with the aif in ‘the cylinder during compression, then the amount of 
compression canriot be very’ large ‘in any case without producing an’ un- 
controlled pre-ignition. © And, more important still, if any part of, the oil 
and air is very warm before compression starts, then practically no com- 
pression cant be carried at all. And, if you cannot carry much compres- 
sion, then you have a very high fuel consumption and a very low efficiency. 
An engine carrying such low compressions as are here ‘required would 
burn nearly two pounds of oil per hour per horsepower, whereas the best 
omen are today running on about four-tenths of a pound—a ratio of 
ve’ to one. 

Now, suppose an igniter that was itself under control, and fuel in con- 
tact with the air in the cylinder. How much can we compress it Meee 
any danger of pre-igniting it, so that when we want to fire it can be fi 
with the igniter that is under control? I suggest that 200 degrees margin 
is about as good as can be estimated. Let us limit the final compression 
tempetature to something like 200 se Ags under ‘the ignition temperature, 
in which case these are the allowable compressions: With 600 degrees 
initial temperature, the final compression pressure is' eight to ten pounds; 
with 200 degrees initial temperature, 104 to 152 pounds (see table). ; 

On the other hand, suppose that the system was such as the Diesel, 
where the air temperature itself is to serve as the igniter. In that case, 
to insure ignition, we’ should have a margin of about 200 degrees in the 
other direction; that is to say, the air should be compressed to a suffi- 
ciently high pressure not only to produce ignition temperature, but 200 
degrees more, in which case the last two columns give the compressions 
that are necessary. Should the oil now be introduced into the cylinder by 
means of compressed air to make a fine spray and scatter it through the 
charge of air, in accordance with the general practice, then it must be 
remembered that this air jet which is doing the spraying and the scatter- 
ing is itself exerting a cooling action. Consider 1,000 or 1,200 pounds air 
expanding through the’ spray valve into a cylinder with about 300 or 400 
or 500 pounds compression pressure, and it can readily be seen that there 
is a very considerable cooling action right at the jet. That it will act to 
prevent ignition, and, to make sure that the oil will ignite in spite of such 
cooling influence at the point of oil injection, it is necessary to carry the 

compression still higher. Let us provide at least 400 degrees over ignition 
temperature, in which casé with an initial temperature of 200 degrees we 
would require something between 467 and 800 pounds compression. With 
600 degrees initial temperature we could secure this 400 degrees above 
ignition with anywhere between 80 and 100 pounds compression. 

These figures should be made the subject of ‘some study and be used in 
considering the various structural arrangements, because in them will be 
found a key to the question: Why cannot this type of engine—this ar- 
rangement—be’ efficient? And why is the other arrangement highly effi- 
cient? Here also ‘will be found the key to the question of how we should 
to make the less’ efficient one more efficient. These three 
stand out: 

_ First, is the fuel in contact with the air during compression, or is it not? 

Second, if the oil is in contact with the air during compression, is the 
region of contact all of low temperature, all of high temperature, or any 
part of it'a high temperature region ‘when the compression starts? The 
initial temperature has a great effect on’ the degree of compression needed 
or 


hird, if the’oil is not in'contact with the air during compression, but 
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has to be introduced subsequently, how. should it be. introduced. with. ref- 
erence to the igniter? If the air itself is to be the igniter, then a certain 
high yalue of the compression must be obtained, or the engine will not 
run. If the air itself is not to be the igniter, then what kind of an panites 
can we provide? | We will look into that question. 

All the first oil engines to attain commercial success “had vaporizers. 
That is to say, there was some element, the duty of which was to heat the 
oil alone for later air, mixing, or to heat the oil and air together, to 
produce a yapor air mixture. It matters very little as to. what, were the 
details of those arrangements—whether one produced a heavy carbonizing 
action and another one did not, They are. all one as regards this point 
of controlling importance: The mixture when formed by any such vapor- 
izing system is necessarily.a warm or a hot mixture. Just. how hot it has 
to be depends .upon the vapor pressure of the particular oil, or rather the 
heaviest constituent of that particular oil, and I will give some figures to 
make it clear. A 60. degrees Baumé gasoline | in air requires a 
temperature of. about 100. degrees to. 110 degrees he. ordinary. lamp 
(oang of 150 flash point vaporizing in air requires a temperature of 250. 

navy fuel oil vaporizing in air requires a temperature of 420, and so on. 
Gis could go on with any grade of oil or residue; for each there i is some 
temperature.at which the vapor of the oil. can be produced. in the right 
proportions for combustion and in contact with, its, air, without. residue 
and dry. The heavier the oil the lower its. vapor pressure or. that of its 
heaviest constituent, then the hotter that mixture must be to be a gaseous 
mixture; and the hotter it is, according to, this table, the lower the compres- 
sion it can stand without self-igniting. Therefore only. those fuels that 
have high vapor pressures or that.can make cold gaseous mixtures can 
be treated with the whole mass under compression. Those oils. which 
are within the heavy class of oils, and have so low.a; vapor, pressure as. to 
require 300 degrees or. 400, degrees initial temperature outside the engine 
plus a. couple of hundred degrees rise in temperature coming. into the 
cylinder, can, be compressed: hardly at all. Therefore such heavy-oil en- 
cannot by. any possible pant with Nature’s laws be efficient. 

is fundamentally sound that all those ewe: for. heavy-oil . engines 
that involve vaporizers are utterly incapable of, producing an efficient 
engine. 

For some reason or other everybody playing. with, this class of machine 
in the early days. seems to have been absorbed with the idea of 
the oil; they, seemed to feel that it had to be roasted to death, and then 
wondered why they could, not carry any compression, ane why. the effi- 
ciency was so low and the fuel consumption so.high. This fundamental 
impossibility, against. which mechanical. ingenuity absolutely helpless, 
never hit them at all; and that. situation yoy lasted from. the early ’70’s 
up till tagay, and People are still inventing schemes. of this kind. 

It is perfectly clear that to produce a high efficiency, and at, the same 
time a fairly. high mean effective pressure in the interest, of high power, 
the first and fundamental requirement is not only high compression, but 
to keep, the oil away from, the air until the time comes to burn it. By 
keeping the oil away from the air during compression any compression 
you. please is yours for the asking. It is purely..a matter of mechanical 
clearance between the piston and cylinder head. Therefore it rows seem 

possible to, secure. almost any efficiency.in such an engine with the 
of oil under the system, which has received. the nam d 
a very good name—of late-injections.engines. Late. injection. is fun 
on to efficiency. I will not say there is no limit to the efficiency, but 
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Now» the wotking is highly developed 
chanically. only: in Diesel ‘engines, and therein: see thete, is: a little 
scientific engineering ‘anomaly. desired: and necessary principle: of 
high compression’ with: delayed injection has beem developed: in its:appliea-: 
tion. to: the less:promising type of cycle—the, Diesel; and the more; prom~ 
ising type of cycle, the Otto—that which promises a given fuel consump~ 
tion with half the compression of: the Diesel—has ‘been: delayed; so that 
our engines have been highly developed: along-the less) promising’ line. 
without scarcely, any development: at all along) the mofe promising line.: 
Do you wonder, then, that» with ‘the success we have ‘had. with, the Jess: 
Promising» we ‘may expect’! and look, forward» to: much! greater success: 
with the: more promising field when: it is vigorously followed iup?, 

‘We have:come:now to this ‘point: That: after compression we are to’ 
introduce the oil,:.and the oil may; be’ introduced in stichia as to’ 
produce an:explosion:or:to burn at substantially constant pressure with-: 
1, want to: point the »controlling means in 
use for doing either one of these things or both of them: «9 » 

» First, as, to: the Diesel: At the time. the! is introduced the 
ture of the air-is something higher. than the: ignition’ temperature—200: 
degrees, 300 degreés, 400 degrees, or 500: dgerees higher than ignition item-. 
perature—and so: far in<all these engines ‘the .oil:' hasbeen: introduced: 


and: sprayed by the aid of compressed air. How: is:the: feed: of oil: :con-: 


trolled so that the rate of combustion shall be just enough to prevent the: 
pressure falling along the: re-expansion line, -but kept ‘substantially, 
stant?) ..That, is entirely; a;.matter .of »spray-valve> design... If you 
yourself the problem—especially those of you who have worked 
on this problem—of designing a schéme:to squirt. oil into.a cylinder 
against’ 400 or 500 pounds compression pressure graduated: 
rate for 10:per cent to 15 pet cent: of the stroke, so as to hold the pressure: 
constant, the oil burning as fast as it enters, you will find.some. little 
problem on your: hands, and:I venture ‘to ‘say that eight of ten’ men! 
will. start with some kind of cam-driven pump... Now, that will-not: work 


_at all. The thing that is relied upon is the tendency of the oil; to:stick to a 


metal ,plate...To make that clear, consider the ordinary spray Diesel. 
valve with: a fairly heavy ‘stem casing: ;Beyond it there isa grad- 
uated orifice outlet, which is: the'spray ‘orifice and is changeable:in size to’ 
suit the viscosity: of the oil. The-oilis:pumped into the chamber:.or :space: 
between the! casing and the valve stem by a pump which: has ‘only one. 
duty to: perform, and.:that.is, measure the amount, not time or graduate 
of-the injection:;,That, cannot. be done—or it never has been done;:;1-do: 
not think it can be done. The oil,-in: the ordinary course events, is put) 
into the spray-valve; chamber; before: the injection is wanted; and! ‘will: 
Tun-down to..the bottom more: orless ‘fast. If the valve be lifted and the: 
oil. itself. has; reached the bottom or valve. seat; the first:.thing. to 
happen, after.the opening of the valve: isa) squirt: of solid: oil with no: 
spraying whatever: In an instant the oil is all out, and, instead’ of: main-' 
taining: graduated combustion for 15 per cent of the stroke, we have 
lump. of squirted in: without spraying or graduation, There will 
certain af baring the rest: makes a) 
little lump of :carbon, sa 
Now, to secure graduation. of ‘head all that. been’: to 
stick a lot of plates with holes in ‘them ‘in ‘the space between, valve. stem 
and casing... These plates have» definite thickness spacing ‘duilline 
sometimes they are given special forms and surface finish, each designer: 
adopting of great. mystery | claiming) 
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~All do ‘in the: oil chamber isto provide. an €xtended 


surface to which the oil naturally tends ‘to ‘stick.’ It‘ might ‘be filled with 
shot and it would>no doubt work just the same, ‘The oil is pumped into 
this: ‘chamber and when) the valve is pulled the oil: tends to: travel 


an 

down, partly by: gravity and partly by the surface frictiqnal» influence of 
the aircon the oil. The oil, however, is sticking'td that labyrinth surface. 
The oil chambers nothing but-a ‘nechanical 1 h. That ‘is’ what it is: 
called for want of:a better. name! » And that: is the only means that works: 
graduater: of oil -feed,; except other one: surrounds ‘the 
pte valve by a sort) of ‘Venturi tube casing, ‘between which and the valve 
body is found the: oil-receiving ‘chamber. ‘There are two ‘holes in the 


builds up: its: total ipressure; while at ‘the same: time: the other: hele, being 
at the throat of the: Venturi, is: subjected) to a lesser pressure by the air: 
velocity head, thus developing lifting tendency on the’ oil, and we have a 
regular vacuum? flow injector. This: action: of the: former one of the 
labyrinth forms ‘the basis of all the schemes for. graduations of feed of oil 
from the spray-valve' body to the: spray-valve nozzle, so that the oil feeds 
during the required’ period of time at a more or less steady rate to this. 
nozzle, and it is. torn to pieces or sprayed by the velocity: of the: air’ 
issuing from jit): It is’ clear that with this- arrangement the rate of oil: 
flow, ‘the time of oil) feed, and: the rate will vary with the 
viscosity of the oil. 

Should sucha valve: be adjusted sp and size to give 
the required feed :for:a given oil,and then an oil of lesser viscosity, 
or maybe the same oil supplied hotter, or really: a‘ less viscous oil, then it: 
will discharge ‘much more rapidly, and instead of a horizontal combustion 
line there will:be a’ rapid rise of pressure somewhat like’ a: slow explosion: 
This: indicates what is necessary if we-desire to make a ‘spray’ nozzle 
suitable for producing an explosion: To: ptoduce the explosive’ mixture . 
and secure explosive’ combustion: of oil with the spray nozzle, the first 
step necessary is to reduce the flow resistance in the body of the nozzle 
by removing: a: considerable: amount ofthe labyrinth’ surfaces 
ducing ‘the viscosity of the oil: ‘by heating it: As a result the oif ‘be: 
discharged ‘much ‘more: rapidly, and’ if enough resistance’ be removed 
from such a*spray nozzle it would give’ a substantially instantaneous 
injection of oil as aliquid spray: If that occurred we‘ would have a more 
or less finely divided: spray scattered’ through the mass) of! compressed air, 
and: if ithe: air isnot up to: ion temperature, them we would have pro-' 
duced: what might be called liquid: explosive: mixture, ready ‘for any 
kind: of ignition that is pose “it | isa liquid'explosive mixture because no’ 
attempt:-has beem made’ to vaporize: the’ oil! All that has ‘been done is ‘to’ 
make: really fine fog of: liquid drops’ suspended ih the °air; “scattered 
through the combustion chamber. | To get ‘such an explosive: mixture or 
charge ready for ignition it is necessary that no part of the interior walls , 
or thé-air ‘itself touched by the oil -be up to, ignition temperature, because: 
if the air should be up to ignition temperature, as would be the case! with’ 
the Diesel, then the oil would ignite as it came in,:before the: oil spray 
charge »was scattered through the air: obtain the explosion it'is neces~ 
sary: to get all the: fuel into: the cylinder vand scattered through the air’ 
before it is ignited, just‘ with delay electric ignition: On the: more” 
desirable Otto cycle with its explosion it is necessary to prevent ‘the ‘air’ 
reaching ignition temperature during compression ; it must» be incapable: 


Venturi partition between: the oil chamber’and steam chamber, one ‘from 

the Venturi throat to the bottom! of the oil, the other imposing ‘the tofal 
ait pressure on the oil surface. When the valve is open’ the compressed ; 
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of igniting: the® oil;' and: the igtiition;) by whatever! thearis“is| relied ‘upon) 

must? itself be delayed long enough to let:the: whole charge! of geb'im 

the: cylinder, because ‘unless itis in there ‘is nothing that! can’ explode) 
igniters The common ‘thing has ‘been’ ahot:plate; sometimes: 


a’ bulb of! spherical form? with: a »hemispherical bulb: 


_ without any neck, just formirig ‘a cylinder! head’; and! sometimes <all sorts’ 

of weird:curves and twists and shapes—every one of them the! subject 
patent.” Now, of that collection,;*what is good’ and what! There: 
simple» way of sizing it ‘The ‘hot metal—that is; the igniter++. 
must ‘be*so related position: to injection ‘point: that'no part. of the. 
oil ‘reaches’ the’ hot’ plate: before: all:of it: is-in the cylinder, andthe shape 
such that no part’of the! oil reaches the’ hot ‘plate: before: any other: 

et me ‘illustrate and you’ will*see the’ force: of ‘this: principle. aside: 
a cylinder ‘with! a spray valve’ at: one! edge of: ai nice’ plate, 
red’ hot, the oil being’ sprayed: at an angle toward the: plate.:‘There have 
been'many' ‘made like’ that, ‘The hot: plate ‘comes’ up quite close::to the 
injector,’ which more or: “less: conical spray. Some of | 


or so as entered, and*much of 'the-air is inactive! 
and cannot’ do anything; as it has received no oil): Ati the same time, 'an 
of part of the charge: has taken place and ‘the rest’ is stilli coming: 

‘What ‘does it meet on 'the-way in? red-hot—yes,' a white-hot— 
pene of inert gas. What will tia pen? Nothing but crack, liberating free 
carbon ‘and ¢arbon ‘monoxide.’ ‘unused! and: unmixed air leaves’ free 
oxygen ‘in’ thes exhaust, and it the fuel appears as icarbon 
monoxide and: much free carbon’ with plenty of carbon cake: inside. 
A ‘very low: mean ficiency wil and ithe 
engine will be very dirty. 

“Phe ideal condition is thatvin. which et of: the’ oil the: igniter 
sooner than ‘any other part'and ‘none of the oil ‘strikes the hot plate until 
all the what kind of arrangement would give that?» Sup- 
pose we had:a’ spray: valve: making! icone-like spray’! discharging’ ‘axially 
into hemispherical head, the center:of which is'the spray orifice. 
at the time ‘the oilcat full load had reached this ‘hot ignition plate the last 
oil would: have‘ come’in if ‘the dimensions were right: That: would be in 
conformity withthe’ principle laid down: » That» arrangement: would: give 
ariywhere: from’ 50°to 100° per *moré mean’ effective: pressute | than 
the non-symmetrical arrangement! previously ‘described, :andwith ‘it~ any 
compression: you “please ‘may: be carried.) does ‘not matter how: hot: that: 
latter plate gets, whereas the former has to be run cool on the side where 
the dil first strikes‘and yet: hot enough elsewhere not to miss’ fire. ‘At full 
load ‘it tends to\get too: hot! pre-ignite and knock! its Mead off ; witha 
light load it fails to get hot’and? fails to'fire’at all. “And! so the: engines: in 


that ‘class ‘are always’ provided: with someikind»ofscheme to: prevent: 


ting too! hotoat! heavy load»and ‘too cold:at low toad. (The popular’ water-: 
injection scheme usually does nothing but wash the; lubricating: oil off: 


practitally throughout the! whole history:of this 


this condition ‘of fecessary relation between: the spray valve andthe Hot~ 
plate igniter has not been realized; /and yet -hot-plate igniters have! been: in 
almost universal- usey Now: hot-piate: igniters ‘themselves area» bar. to 
s; because if we use a hot-plate igniter it hasto an outer wall: 
+has'to outer wall’so: that ‘you cam start it @ torchiand ‘still 
not‘bern walt cannot be: statted:: A -hot«plate}'s 


ubmerged 
in a cylinder cannot be started, because you cannot get a torch at it from 
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the outside... -hot-tube igniter be provided for starting, and an internal, 
plate relied} upom: for running, is» sometimes.done, then you jhave:-no. 
hot! :plate!:at: all and: it: will) burn out... So hot-plate; 
igniter has to. bé.an outer: wall :to:be ‘practical, and ‘when: you, have: made‘ it 
an outer wall: toobe practical, then it: is not. really: \practical, . because: 
limits the size.’ That’ red-hot) plate lacks «tensile: strength.’ To be sure,a: 
selected» grade: of cast-iron can be found that. will: not lose: too, much. 
tensile strength, but! nevertheless it it very weak/in proportion to what)it; 
might be: -As cylinder sizes:go up—and I have already: indicated that one: 
of the great fields of; need for the: heavy-oil .engine is ship. work, which: 
calls for cylinders 'to'go up just as high as we.can make‘ them go—then 
the external ‘hot plate is:barred. It is not good is too | weak: 
structurally. Here isthe place, then; where the functional problem leads 
to 'acstructural 'debarment: and -where progress: into larger «sizes! re-, 
quires an abandonment of the red-hot: plate>as an, igniter+or at least a: 
very material modification. If we can get along without it’ at,all, then we! 
need ‘not fool with modifications, and result: of! that thought; many: 
people have tried various other schemes, and there is now :beingattained. 
some ‘success:with: electric igniters and with: modefately ;warmed internal 
hot plates; which are more :propefly. called: warm.” plates.» ~Suppose,, 
with reference to’ the latter, that we havea '300-degree internal. tempera-: 
ture and one would stop: just: ‘of ignition. |. Suppose we thad..a300-. 
degree: initial: temperature;: then for practical :reasons about 279 pounds: 

compression -would carry, entire //air above:: ignition. 
temperature 200 degrees, and that: would ihot practical with ‘late injec-, 
tion. If; however, ‘the initial température of ‘the air were: lower,;-or. 
sufficiently lower ‘compression ‘were ‘selected, we» could: comie: within 100: 
degrees: or 200 degrees: of ignition ‘temperature and stil] have: a very: sub- 
stantial compression. As a matter of fact, it is perfectly.feasible to: use 
compressions up to’ 175, approaching 200 pounds—possibly :more—without 
reaching ignition! temperature, -provided: the initial air not too: warm. 
Suppose ‘we were ‘injecting straight toward’ the: piston and we: had. a spot: 
of metal on there that»did not get red hot, but. raised the temperature of. 
the air right next to it 200 degrees or 300 degrees higher than elsewhere. 
That is ‘all. that) is ‘necessary for: ignition, and: that is one way the thing 
might be done. A cold external wall:for:strength, a warm internal spot at 
the maximum distance: from the igniter, 'not red hot but sufficiently warm, 
to supply a ‘couple of ‘hundred degrees difference between the temperature 
attained by compression (which: is not high enough to produce ignition), 
and the amount necessary to actually Produce ignition” at: that one spot 


alone. 

We do not know ‘as-yet about that, scheme, except itsis 
tun ‘that way.» Whether it can be: developed into’ a: practical controllable’ 
thing remains’ to be: seen. Iam inclined! to: think it can. it can,{ then’ 
“one serious bar to the increase in size and: mote extended use of the Otto: 
cycle engine: has: béen. removed and a most: limteresting wnt. 
valuable possibilities: opened up: 

Without that, however, there is still atiother way of procesding that: ie, 

receiving some attention. along time back it has, been: known: that 
with a sufficiently: fine:and proper kind of spray of oil into/air.an ordinary: 
spark plug would serve as an igniter. With the wrong kind of spray and 
plug the oil: would. collect at: the spark plug and short-circuit it, but. a 
spark plug can be made to ignite the right kind spray just-as ‘positively 
as ‘it ‘ignites a’ gaseous ‘mixture: apparatus! involving the lighting of 
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‘éngine—an ‘engine the walls of which were all cold, just as cold.as'we can 
‘get them;:and: to: my :mind you cannot get them ‘cold é¢nough fora good 
practical,oil engine—the colder the better: Into that» cold cylinder we 
cadmit' a: charge of air and compress /it,: but’ not) sufficiently to produce 
ignition, and: when we get’ a sufficient compression: to produce a’ highly 
veconomical ‘engine as:'to oil/and «sufficient ‘to produce a mean effective 
‘pressure ,approaching 100 pounds: per squate: inch, then ignite with’ this 
‘Spark: plug: That can be done; it a most interesting possibili 
particularly interesting because inv conjunction with vit possbile 
oil spray. 
With the standard Diesel, ‘engine. the is: supplied’ 
‘compressed air under a thousand: pounds and:‘more. Now, im ithe actual 
‘running of these engines the air compressor ‘to supply that air-and the air 
‘storage are just about as big a nuisance as the’ engine-sometimes,' in 
fact, and often, ‘more.: If we could get rid! of that, it would be a splendid 
thing to doi: A: solid” spray is'therefore'a highly desirable’ thing. 
‘os So fdr werhave succeeded in »making a) number of: engine 
iwalves that quite ‘well, and they work»so well that'I feel confident 
that the end of the compressed-air | spray is: drawing near,:and that thereby 
‘we are going! to eliminate: another big source: of; J am: not sure 
that the solid: injection | spray I -have in:mind will work ‘on: the Diesel 
_engine, because the Diesel: engine requires: a gradtsated: feed, and) I am ‘not 
sat all sure that the’ principle: of :action: of :the«solid spray can: be:-adapted 
to the graduated feed. It works splendidly: with, the instantaneous: feed 
-for' the Otto cycle or. explosion engitie:: There is only’ one principle that 
-need be kept in mind to explain:the: many ways of working: out the solid 
‘spray, and: that principle is» pretty old. \It:is:the principle the:navy 
oil-burning «spray ‘for boilers. The navy:and other: ships! cannot: afford: to 
suse compressed for) spraying‘oil, as 
they have «not: the fresh ‘water. with ‘which to: produce ‘this steam. 
They are therefore! compelled! to use:a mechanical» spray, and this type of 
‘spray: chas:: been -very: highly: developed«:) It involves nothing more» than: a 
orifice from which’ the: oil: is discharged: with: a:combined:: motion 
axially through: the: hole: and: ‘rotary:as: it:comes out; the rotary) motion if 
‘being: developed: before the:oik: reaches: the: hole tube‘or‘tan- 
igential. feed: passage: to. little: ;whirl-chamber: ':back».of: the: spray 
orifice. By/giving: the oil a: whirl: ibehind: the spray orifice with: a: proper - 
sexit-from the orifice: it issues witha motion: in>two directions—axial ‘and 
‘rotary—producing).a of conical; spray «that fine: and: works 
‘well in.an engine, By making. ‘the passages: small! enough: in’ such :a:spray 
‘valve, that they: care practically: ‘capillary, then: direct-acting pump 
plunger slamming. against. the. solid column of oil: will make such a spray 
«without dribble,-at. theiiends ofi.the: spray: Remember no 
at the end,.or beginning!\of a spray.is permissible, because every 
‘drop. that dribbles!, carbonizes. ..To:.avoid the, dribble. the, only. thing 
necessary is. to get the passages substantially, capillary in size, and that, is 
not, difficult. At.first.glance it; would,seem.as if that, boiler-spray valve 
not, be made. to work: with, rapid bet is is;s0 
4 Now. a, word or. two on the structural side.,, We.may. assume that, this 
functional, question, has in it. considerable undeveloped. possibilities, and es 
‘that, these are snot mysteries, but are lines of purely. rational, progress, the 
key.,to which we;have,in every..instance, and nothing. is.ynknown.,except 
far.you can go..We know: the route every not 
iow how far we can go. Assuming that you can see wi gg 


NOTES. 


2586 ANOTES. 


omind’s eye non+Diesel, late+injection, high-efficiency. oil engines worki 
‘as well the Diesel+or better—-then! arises the question; How sh 
‘the structure be built? Are there any. lines of standardization::that can 
obe weélland properly applied there? Or is every designer: regard him- 
self.ag the one selected by the Almighty to’ produce: something: that no 
one! else ever made? For: some strange: reason, that seems':to: be in the 
minds of; almost all) oil-engine designers... While for years we ‘have been 
building shafts, frames and:engine, structures for steam: engines. and 
similar structures: for’ pumps and compressors, just) as: an: oil- 
engine designer gets his hand over a drawing board he wants to throw 
all that experience away and get up some other thing and: make: more 
‘trouble: than do the parts that are peculiar to’ the oil engine. 

| Bhe point of view to take with regard:to this structure is, this: “Phere 
“is no essential difference ‘in ‘kind; except the cooling »problem, between an 
oil-engine ‘cylinderand: a’ steam-engine cylinder. The difference: is one of 
‘degree in the structural problem. There is no essential difference, cer- 
tainly none in’ kind, ‘between the problem of:the frame and the) bed.plate 
and. the rest of: the running gear of the oil as compared with the steam 
‘engine. That ithe case, these queer «arrangements that) have crept 
into the oil-engine field:and: that have-become more or jess standard ‘there, 
quite’ contradicting: all previous experience and established: custom with 
‘the more firmly established steam engine, cannot be accepted, ‘There is no 
‘difference whatever in‘ the design of a column: tosupport abridge, :a ‘pier, 
or a building, support!a statue; all that counts: is the load to be 
placed on: oil man: has: persisted. in carrying: out his 
‘structure from cylinder down to» bed: plate on radically different lines 
‘that have long: been: standard with: steam. The result:is hopelessly. bad. 
‘Let us bring out-some of our good old designers who understand the de- 
signing. and ‘building. of ‘structures ‘to carry.loads, and :would not -tell 
them canything about: the oil-engine;: peculiarities other 
man is taking care of that. Then we will get:somewhere." 

Just: to ‘point: out ‘one! or: two: things; to: illustrate: what» in 
coneldes the most widely used Dieselcast-frame'structure extending from 
‘bed plate to cylinder head, and being an axially expanding cylinder line. 
This: cylinder line is:a stressed member; the: stress: being bursting ‘stress, 


with 400.or 500 pounds per square inch normal pressure at the top, and 


possibly’ an accidental maximum pressure with a pre-ignition pressure of 
twice that :amount—1,000 or. 1,200: pounds: ‘per square ‘inch. ‘Now we cer- 
‘tainly know howto build:cylinders to’ withstand bursting, so this is not 
peculiarly: an oil-engine problem, except that: its: expansion’ must~-noti«be 
restrained. . That cylinder structure is inside of a heavy casting and held 
atthe top. This casting is. practically A” frame*with a’ cylindrical 
-extension at the top; the ‘cylindrical extension forms ‘the’ water’ jacket and 
is faced ‘at the'top on which the: cylinder line flange rests. There slip 
joint at the other:end'of the ‘line to allow ‘of longitudinal expansion ‘of 
the cylinder line barrel with reference to the jacketed frame. An’ engine 
built along such lines as that is fundamentally: wrong, because the jacket 
is at the same time'a frame/’ What'is’its principal duty? Its 
duty is'to hold water—and ‘anything ‘that’ will hold water will do just as 
well—and yet you will find big engirles with jacket walls of 14-inch cast- 
iron for many feet'in diameter. “Think of ‘all the weight that’ goes with 
t, and for what?’ To ‘hold water and transmit an ra ‘tension load 
‘om the’ cylinder head down to the main bearing. Nothing could be more 
wrong. In'the first as to the material: ‘It is’ all’ cast- 
iron and ‘is’ always ‘in tension’ if it is loaded at al all it were steam 
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engine there would be alternate compression ‘and tension; but here it: is 

tension-loaded, and: if there is any worse material than: cast-iron fot car- 
tying.a tension lead, it is probably cast aluminum. - /Furthermore, if stich a 
pay cn line barrel is: strong enough to resist bursting, it has just twice 

e factor: of: safety for the longitudinal. tension stress; which means that 
the: double. metal of line and. jacket is entirely unjustified. The cylinder 
should ‘be held to the frame at its crank end and the jacket eliminated as 
a stressed member. There is no reason for carrying a heavy cast-iron 
wall for. jacket, when ordinary tank steel, will do: the job just as’ well 
and ia’ little bit better. We have oxygen’ welding apparatus that: will 
enable us to weld the edge of a thin ‘sheet to cast-iron, with peryeet: sstuccess 
and with. not expense. 

There is then. necessity for ‘changing the. cylinder to take: off. that 
unnecessary weight. Do you know that some: of these es Of sta- 
tionary form—the: class! condemning-—weigh pounds: per hofse- 

wer? Think) of it! And when these same engines are refined down 
‘or ue: work without changing the type of structure, just the same 
typical. arrangement, but reducing the bed. plate and getting rid of: fly- 
wheels, they: come down to about 150 pounds. per horsepower. But there 
they stick. To..go below that it is necessary to change the structural 
arrangement to conform, more and more nearly to the: better: and more 
refined class of standard steam practice, and in this country there are 
excellent, models for them, and all that has to be done is to follow them 
out and keep within the same method. of calculating loads and factors of 
gafety—keep the same factors and the resulting work just as: well.as in ‘the 
steel, That: means not only the taking away of this cast jacket and 
making the cylinder barrel carry the two kinds of stress—the bursting and 
the longitudinal at the. same time, which it'is perfectly able: to: it 
means: also: to take this. heavy. cast-iron frame structure away from) the 
space between the cylinder end and the bed plate and to substitute for it 
the steel tension rod construction:of the! torpedo ‘boat or yacht: 
to mention the two most highly developed: forms of that structure. To be 
sure, that type of. engine is riot stiff engine. Certainly the. cylinders 
are going ‘to sway and-»weave: But what of.'that?) Where: did: these: oil- 
engine designers get the idea that this thing had to be a stiff structure, 
brick wall? Ido where, /but they got it, and: ithere 
st 

The ‘most! engines we have! today, and. the: most 
‘machines that we have ever designed, are steam locomotives, ‘When: you 
consider jwhat, they have to do and how well they. do -it,, they are! truly 
wonderful,, What would happen to a locomotive that was built stiff? And 
what would, happen: to the. rails.on. which, runs?,. You: would have 
neither locomotive. nor rails, at the: end of the. first run. The steam 

engine that! gives years'and years of service and is regarded as a model 
of of reliability. carrying, a ship trip after trip, back and forth across; the 
ocean like a ferryboat—is that a stiff structure? It is: mot; it weaves and 
twists, but that does not hurt it. | Why, then, should we insist upon, the 
cast-iron stiff for oil, engines? There is.no reason on earth why 
we should. So: I say that we can take the, steam-engine structure. from 
bed;.plate. t0..cylinder and.,design and.apply, it to, oil | selecting 
to: gine ra, bearing loads, and so.fonth, 
and it should give equal success 

After, these two. it. will be. time: to: remove. the, outside cast wall 
of the.cylinder ‘head....By taking the: cast head away: from) the top 
of the head we will free the valve housings, the intake and, exhaust, ports, 


heads are so:awful the foundrymen and moulders’ are not: to’ be blamed 
for ‘doing with them what they always do when they get! into a corner 
with the cores that are too intricate—they knock a piece off ; and then:we 
wonder why the head overheats.: The designer thought he "had provided 
for water, but the moulder could not get it there, and’ the designer: is 
‘responsible for asking a moulder to do what pro- 
‘portion as that casting is made ‘easy to mould, so it’ willbe a good job. 
By means of the oxygen weld the whole cylinder-head top can be left off 
and the only cores left are the cores for the intake and exhaust, which are 
easy cores. Then you get a clean casting which’can be inspected ‘on both 
sides ‘and free of bad shrinkage-stresses, add a) sheet jacket welded around 
the edges, and you will havea real job: 
Just as an ‘indication ‘of happens: when ‘thin thing is 
‘even in part, I: will tell: yow'that the most highly developed of Pcie 
engines today are the submarine engines. In those engines the heavy 
cast-frame structure in the better of them has been removed, and, as a 
consequence of the steam-erigine practice as to frame structure, those 
‘engines which in the older-form of oil-engine structure weighed 150 
yee more or less, to the horsepower, have ‘come down to what? 

irty-five or forty pounds per horsepower: They still, however, are 
‘carrying the cast-iron jacket’ and a cast-iron roof to the head, 50! there ‘is 
room for saving some more without doing any harm whatever. | | 

‘To conclude, then, with a:word or ‘two about the auxiliaries—especially 
‘with ships, because you may: a» perfectly’ fine engine, and by wrong 
‘auxiliaries’ or wrong arrangement’ of ‘auxiliaries have an awful 
hard engine room to work. The: tendency for:some time has been to re- 
gard: the engine it: comes ‘to’ auxiliaries, asa sort: of 
‘Christmas: tree: on which':you hang anything you: want: to ‘use:’If they 
decided: to put a fire alarm ‘in)the engine room; I have no doubt that they 
would stick it on the enginesomewhere.: You ‘find circulating pumps, air 
compressors, water ‘pumps:for circulating water,’ ‘and, oil pumps, in some 
‘eases: bilge pumps—all hooked on to the main structure: of the engine, 
which, i in some cases and quite:a number, is 2-cycle, with a row of scaveng- 
ing cylinders ‘stuck along ‘one side, so that they resemble the old ‘river- 
boat engines. It certainly makes a weird combination, and in the old-day 
steam-engine practice just. that thing was done, “They carried’ feed pumps 
‘on the engine, condensers were ‘mounted: ‘onthe ‘engine, and ‘hot, ‘well; and 
‘circulating. pumps likewise. took us: 150 years to get’ rid of ‘that ar- 
‘rangement, and it is'no longer standard: Practice. engine structure 
should be preserved and respected as an engine structure, and not inter- 


‘fered with atvall by hanging any kind of trimmings on it that have’ the | 


‘slightest possibility of interfering with access tothe engine. ‘Doubly 'so'is 
that: true when the auxiliary: attached does not? and: cannot 
‘behave right as attached. 

‘Inthe latter connection I: would call your. vaitention: te ‘the 
circulating pump: for ‘water. When ‘the’ circulating’ pump for water is 
driven ‘off the engine, either by its own ‘crank or: ‘by rocker! and’ links 
from’ other moving parts, then when the engine’ stops' ‘the water’ ‘stops, 
and ‘when the engine starts the water starts. ‘That might seem to’ 
desirable thing at first glance. As a matter of fact; itis! positively dan- 
‘gerous, and many cracked’ cylinders and piston heads canbe traced to that 
‘cause alone; because, consider the interior of a’ cylinder ‘when the engine is 
— at full” power,’ and see’ that’ there! are» 
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the housing for spray’ valve and. starting valve. ‘These will thett be ex- 
. posed and the present élaborately: cored ‘casting eliminated.' These ‘cored 
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pounds’ of metalvery hot—quite ‘hot’ iti ‘proportion it is thick. 
when that engine is! shut ‘down heat ig°there! as’ insensible heat of the 
metal, ‘and the jackets ‘are’ full’ oft watersX poutids of ‘water ‘and 
pounds of hot!metal.' If the and héats involved are figured’ out 
‘you will find’ in a big engine there is ¢noughi ‘heat in the metal to ‘evaporate 
‘all the water’ to Be and you would ‘still ‘have sortie left to conduct out 
‘to more distant patts, which should ‘be cold—parts”: ‘which ate désigned to 
be’cold,; ‘but which, when ‘Hot; “crack. Especially that trie when ‘after 
sich a shut-down and’a general heating somebody “starts the engine aud 
shuts a lot of cold water up against ‘the ‘surface. That’ condition can’ be 
‘eliminated only’ by’ completely ‘independent '‘jacket-water circulators’ ‘sepa- 
rately driven by ‘another engine, ‘which"’ thé running of the water 
so long’as water corties’ out from the’ discharge with’ any ‘tise’ in ‘tempera- 
ture over the intake. In other’ words,"the water ‘Should ‘be’ continued 
through such an engine until it ceases ‘to become warm, and that jpay ‘be 
twenty minutes to an ‘hour after ‘the shutdown, depen ditig on 
the size and style’ ‘of. machine.“ 

‘A similar discussion could be carried. on about. other auxiliaries. This 
question, of auxiliary arrangement and starting by an auxiliary engine is 
just_as important for study as the engine” itself, There i is ‘just, as much 
room tor improvement as in the engine structure, as a structure, or BF 
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RESISTIVITY AND THERMO-ELECTRI SOME uaa 
ibne ‘Wniversity of Michigan, Arbor, at 


“The. principal ‘object of. ‘the is far from 
being complete—was, to, conduct, a preliminary. study. of the correlation of 
electric, and thermal properties of steels in. the, light, of the theory 
‘if accepted in; the ‘full.sense. of the. term... 

Although an apparent: connection. between therm al and conduct 
ance in: metals had previously.‘ been: noted; by. Forbes, it the. systematic 
-work, of Wiedeman and.Franz in 1854, which demonstrated the relationship 
was probably.-a :definite-one,.. If. this. were. the case it! would :be: reasonable 
to; expect; both electrical and ‘thermal, restivity: in. metals »might, be due, to 
the, same atomic-or molecular. mechanism,, Although numerous) investiga- 
tors studied the relation existing between electrical and thermal resistivity 
in metals subsequent to Wiedeman ‘ind Frand's ‘was! ex- 
- OF .a 


* Paper taken: as, read ‘before the'* and Stet 0 


| 

| 

Getting back now..to the beginning, it must mitted, and the more 

you, study, it the more. willing you. will be to admit it, that, while we have i 

made. very, considerable. progress. with the heayy-oil.engine, that progress 

is by no, means, ended. . In fact, we can. go much further yet than, we haye 

already gone, and. we can make the. heavy-oil engine, meet conditions it has 

of 

‘ 


haustive work of -Jaeger; and :Disselhiorst; which’ demonstrated..that:: 
ratio of the electrical, to, the.thermal. resistivity :is' approximately. con 
for pure, metals, but does not hold-equally; well for impure metals, or aiogs. 
In, 1897, Schulze} measured: the thermal and electrical conductivities of five 
carbon ,steels and one manganese ,steel,.and showed. that .the:, Wiedeman 
and Franz law did not hold in:the case, of these metals. It, is, now) gen- 
erally, conceded that the Wiedeman and Franz,law—that is, the ratio, of, the 
electrical to. the thermal. resistivity in absolute units—holds quite. closely 
for pure metals, being about 6.5 X 10—*. | It does not, however, hold very 
closely for impure. metals or alloys, although in general any, marked change 
in electrical. resistivity is, accompanied by a. corresponding change in,thermal 
resistivity. During, the: past. twenty: years. physicists have carried out a 
great number of experiments in order to, determine with an increasing, de- 
gree of accuracy the correlation of electrical and thermal_resistivity in 
Metals, with special view to the influence of the temperature at which the 
measurements were made on this relationship. In almost all this work 
metals or alloys of metals other than iron were employed, . Very few, if 
any, systematic measurements of the thermal resistivity of steel have been 
made, although the fact that there is a close relationship between the 
chemical constitution and electrical resistivity of steel has been ‘recog- 
nized for more than fifty years, and has served as a basis oe laity 
_ Although the solution theory of metals, as it is now termed, was first ad- 
vanced more than’ a century ago, to the great majority of physicists and 
metallurgists the term is almost a meaningless phrase, since they still re- 
fuse really % accept as a mental concept the essential unity of the mechan- 
ism of metallic and aqueous’ solutions. They all’ recognize ‘and'take mto 
account the part played by the ‘solvent as differentiated ‘from that played 
the solute in ordinary solutions, and yet, when studying the properties’ 
metallic solutions, many of them refuse to recognize the essential unity of 
mechanism, and make little or no effort to differentiate between the part 
played by the solvent and that by the solute. It would seem entirely! pos- 
sible that, if metallic solutions were regarded from exactly the same view- 
point as ordinary solutions, reasonable explanations for many well-known 
phesiomen might be found which cannot be satisfactorily explained in any 
In 1945 one of the authors} gave experimental evidence to substantiate 
the conception that total electrical resistivity of steel must be considered 
as made up of two components—first, that due to the: solvent, and, second, 
that portion due to the carbides in solution; the effect of these latter on 
the electrical resistivity being proportional to the concentration of the 
carbides actually in solution. It was there suggested that, as in aqueous 
‘solutions, it is the molecules in solution which are capable of reacting with 
different forms of énergy, and consequently the electrical resistivity would 
be dependent on’ the molecular ‘concentration’ of ‘the carbides in’ solution, 
since by their reactivity these carbides would’ cause ‘electrical ‘energy to 
disappear as such and reappear ‘in’ the form of 
ina the dependence ‘of the électrical resistivity: on’ the con- 
‘centration ‘of the carbides in ‘solution was confirmed, and» it was’ further 
‘shown that carbides are the only’ solutes present in noticeable amounts 
the thermo-electric potential due to dissolved carbides is a function of the 
concentration.’ ‘In these ‘same papers it was’ further shown that ‘electrical 
t “Journal of the Iron and’ Steel Institute,” 1915, No. II, p. 164. sett 
* Journal of the Iron dhd Steel Institute,” 1926, No. 
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is solyent, while electrical resis- 

tivity is only in part due to the solvent, frequently as-much-as 80 per cent 

or more of the total resistivity cory to the: solutes in solution. 
Experimental,—The experimental bars used were all machined down to a 


- uniform size of 6 mm. square by 15 cm. in length from stock samples of 


larger bars furnished by the courtesy ofthe same companies which have 
supplied us with bars in our previous work. The of the 
steels used in the present research is given in pee I, 

In annealing the steels used a: number, of. sample lousy were usually 
packed in an electrically-heated furnace in such a way as to” avoid oxidiza- 
tion, and the temperature raised overnight to that, stated as the temperature 
from which each sample-was:annealed; after which the furnace was allowed 
to cool for 24 hours and the large sample bars removed,. It was from 
the sample bars thus annealed that the small; experimental ‘bars used for 
quenching were machified. ‘All temperatures; whether of annealing or 
quenching, were measured by. means of standard platinum-rhodium ther- 
mocouples standardized at intervals against the poe, tea of pure silver 
taken at 961 

The method of hardening: the stall’ bar was’ essentially: the same as that 
employed in this laboratory for some years. and described in detail in 1915.¢ 
The bars to be quenched were suspended in an electrically-heated furnace 
so designed that,,.no matter how long they were kept in the furnace, there 
was no oxidization, and carburization, if occurring at all, did not exceed 
0.02 per cent.” The Bars were kept in the. heated chamber as a rule one 
hour, the temperature being measured by a thermo-couple placed 2 mm. or 
3 mm. from the bars under treatment.The quenching bath was a large 
volume of ice-water, and, as in our previous work, the time required to 
transfer a bar from the furnace to the quenching bath was,a little less than 
= second, the same amoutit of time being required to cool the bar from 

the quenching temperature to below a red heat... Experience in this labora- 
tory has tended to show that bars which are perfectly cleanand bright cool 
somewhat more quickly on quenching than the: same-sizéd bars which have 
been heated in a used salt bath. ese latter, on withdrawing from the 
heating bath, are covered with a thin. film of fused ‘salt; ‘which appreciably 
retards the coolitig effect of the water. ~ Enough bars ofeach kind of steel 


were quenched to enable the specific ‘resistivity and thermo-electric poten- 


tial to be measured»at the sametime. ‘Thermal resistivity was measured 
on one of these*bars ‘after the other measurements had been made. After 
all the bars had been quenched they were carefully polished and the 
measurements of specific resistivity, thermo-electromotive force. and 
thermal resistivity made with no more.delay than was necessary. Numer- 
ous experiments in: this laboratory have ‘shown that, on account of the in- 
stability of the'solid solution ‘oy 'steel'in cold water, the 
specific resistivity and correlated) properties will fall off very appreciably 
even at room temperature within a comparatively short time. 

The specific resistances were measured in all cases on bars kept im- 
mersed in an oil bath and maintained at a constant temperature of 25 deg. 
C. The method:of determining specific resistance was ‘the same as that 
Larva employed, that is; by measuring the fall in, potential between 

knife-edges clamped to the bar 10 cm. apart,” while a current of constant 
density was flowifig through ‘the 

On account of the rapid change in t chemin constitution of hardened 
steel with increase of temperature it was pe best’ 'to“make the meas- 


urements of specific resistances, thermo-electtamotive potential, and ther- 
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mal ‘resistivity without the. bars at any: time. 
to exceed35 deg: C. or 40, The thermo-electromotive force 
uted, was that -due-to, the temperature.gradient between,0,deg; 
and 25. deg.) €,; The method employed was a modification of the one-used. 
al yearsago: described in detail in one of our previous, papers.* In, 
to, the same: heat treatment: were clamped together to, form. a: tri 
pound bar, to the: ends of which were attached, by, means of pure 
clamps, the annealed ingot iron leads connecting the ends of the compound, 
bar with the galvanometer: by, means: of which the potential. was. measured, 
One end of the compound bar was, maintained, as in our previous work, 
at 0 deg. C.. by’ means of crushed’ ice, while ‘the other was immersed in 
the. same. oil bath as that used for specific resistivities, which was. main- 
tained, at 25 deg. C, Thus the thermo-electromotive force, measured and. 
expressed in micro-volts, represents the difference in thermo-electromotive. 
potential of, the steel in question and pure iron over the, temperature, 
gradient from 0 deg. C. to 25 deg. C. 

“Asi the work herein ‘described is in a sense a preliminary. study of the: 
correlation of electrical and thermal: resistivities without: any attempt to. 
determine the phoghiie relationship, the thermal resistivities so far deter- 
mined. have all been relative, that of. pure ingot iron being taken as unity. 
It is hoped at later new determinations of thermal resistivities will be 
made with improvements in the apparatus which will enable such measure- 
ments to be made under more favorable conditions, and with a higher de- 
of. precision, so that the tesults may be reduced to absolute: units. 

he method employed of measuring the relative thermal resistivities herein 
given was one of the. stationary temperature type, the technique of which 
was develo; a under the direction of Dr. Carleton V. Kent, of the Depart- 
ment of Physics. The detailed description of this method of Dr. Kerit is 
given inthe “ Physical Review ” of 1917. 

_ The method of determining the relative thermal resistivities is briefly as 
follows: The bars, 6 mm. square and 15 cm. in length, are provided with 
two holes a little than 1 mm. ‘in. diameter and mm. in depth; one: 
Hole being 5 mm. from the cold end of the bar and-the other 10 cm. from 

e same end. These holes are for the insertion of fire copper-constantan 
thermo couples, by means of which the difference in temperature between 
each of the holes and the surrounding space is measured: The. holes were 
filled with paraffin oil before inserting the thermocouples, a better. thermal 
contact being thus obtained between the couple and the steel than\ when. the 
oil was not used. About 3 cm, of.one end of the bar was inserted..in a 
small —— coil,.by meatis of which the temperature of the bat at the 
hot end could be easily raised and maintained constant for any desired 
length of time..The bar, supported in the heating coil and with thermo- 
couples i in position, was inserted into the center of a heavy steel cylinder, 
20 cm, inside diameter and 40 cm, long, and closed at the inner end with a 
heavy, steel plate, This steel cylinder was, in turn, boxed in, in order to. 
avoid local air currents. | ‘The mass of the metal—something more than 
20 kg.—was sufficient to maintain. reasonable constancy of temperature 
throughout the, interior during a given experiment. After a bar whose 
thermal resistivity was to be. measured. had been inserted into the steel 

ylinder, a current was turned on ‘through the heating coil until the 


Showed. a rise of, about 10 deg. C. The copper-constantan | 
thermocouples used were made of very fine wires, exch being calibrated 


clan a standard thermometer. The couples gave a Senin of about 6 
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mm. ‘each “degree, so that’ ‘temperatures: could ‘be: readity tor: 
within’ less than 0.05 Since all the bars wete of the same dimensions, 
the thermocouple holes' were the same distances»ftom the cold‘end in’ every: 
case,’ atid) the temperature of the higher ‘point meastzement -was' 
staritially constant in’ all cases, the difference’ in’ temiperature:at: the’ cold: 
and hot points of measurement ‘must have’ been directly dependent upon ‘the: 


_ thermal resistivities of the ‘bars. Usually: from'1% to 2 


quired’ for the ‘system ‘to come 'to equilibrium. ‘When this had at: 
taified, thé ratio of the temperature difference at the ‘hot: and cold  ezds’ of» 

tig bar’ ‘Was, calculated. ‘Dr. ‘Kent has’ shown’ that’ the:ratio' 

the heat lost to the’ enclosure from’ 1’ sq: ent.of the’ ‘surface 

degree excess temperature, p is the perimeter,’ ¢ is the conductivity, an 

the cross-section of the bar.’ From imathematical tables 


ture ration Since we-are interested in the the 


the resistivity, ‘the relative resistivities “may be easily found, from 
(a1)’s, as A, p, gq and 1, the distance between the hot and cold fe 

measurement, are the same for each bar. ‘would, 
fore, Bs, proportional to the of the (q 1)’ 


“The of the. of the at’ ‘degC, 
of the relative thermal resistivity, ‘and’ of the Ve’ ore 
of the nine steels, in the annealed condition, are given in Table IT, in’ which 


the steels are arranged in order ‘of. increasin, spécific ‘resistance. ‘In’ ‘this! 
table is. also, ‘given: € specific, fesistance of the pure i iron which 
taken as ‘unity in th determination ‘of ’'relativé therma resistivities an 
which’ is also used’ in opposition to the different ‘steels ‘When’ deterinining 
the thermo-electromotive: The’ small numbers ‘in’ parenthes 
following the names of the steels as given in Tables Il serve to’ identify the’ 
‘with each steel, as shown gfaphically in Figs. 1 and 2,’ 
are given the corresponding measurements made on’ the’ 
or hardene condit ls, afe again arrange order of .1n- 
creasing specific but it small figures in 
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parentheses following the name ofeach steel, ‘that the order of 
mentiof the steels in the hardened condition is: quite: ed from w 
it was! when ‘the steels were!-arineated: tw ai esluo 
eIn‘order!to' bring out the:correlation’ of: the electrical’ 
sistivities cas! influenced: by and heat«treatment; ‘the: 
results! of: the measurements “given: my Tables: IT and shown graph-: 
jeally! in Figs: and 2.° In these the ‘specific «resistances ‘in -microhms: dre: 
shown on the abscisse, while the corresponding relative thermal: resistivity: 
and): tromotive ‘potentials are’ shown the ordinates.» It:‘will 
be: noted the curve’ of: telative ‘thermal: resistivity is ‘approximately 
a straight line except for two’ points, 8:and 9, of the steels SNtiand SN3,. 
both of which are! high: silicon’ steels,» the: silicides: apparently. igiving a 
higher: ratio of electrical to: thermal than’ do: carbides: 
study the dete in Tables Il and. IH, ‘the, 
im: Figs. 1 and 2,/ reveals some interesting relationships, espécially: if viewed: 
in the light of the. solution theory..of. stéel accepted in the full sensé:of the: 
word. If steel is: regarded ‘as: made. up) ‘of: a:solvent: and solutes, we may 
get an approximate idea of the relationship of that portion of the: electrical - 
resistivity due ‘to’ solutes that portion:: ofthe» thermal (resistivity 
due ‘to solutes. by “subtracting from the» total ‘specific: ‘resistance’ 
the’ ‘specific resistance of pure iron (10:64), and from: the total relative 
thermal ‘fesistivity ‘that of pure iron (1.00), and then finding the ratio of 
‘the electrical resistivity to'the relative thermal resistivity. The ratio of: the: 
electrical resistivity: to its ‘relative thermal: resistivity) °of pure.‘iron: 
would, of course, be: 10.6. If, in the case of the! annealed steels, we calcu- 
late by the method above just: suggested—the ratio of the electrical’ resis-| 
tivity to the relative thermal’ resistivity—we find ‘this varies from 143 
to 19.7 the ease of: SN3, which the solute: is almost! entirely 
silicide.'! In’ the case of ‘the hardened ‘steels: the ‘ratio of thé electrical 
resistance to the: relative thermal resistance: due ‘to solutes varies: from: 
13.4 to '17i4)'the: highest ratio again being due ‘to'that of SN3,; containing 
the’ highest’ concentration of ‘silicidesi' These ratios are all ‘noticeably: 
higher than the'ratio found in the ‘case of pure irom solvent’ and confirm 
what’ has ' been’ known’ for many: years—that:the Wiedemah and Franz:law- 
does not ‘holdin the case’ of impure: metals: or the’ electrical resis- 
tivity: of such’ metals ‘increasing ‘more rapidly than the thermal resistivity. . 
all the ‘steels’ under examination ‘the effect! of quenching ‘has: been to’ 
ctease*both the electri¢al and thermal ‘resistivity, 'the extent of this change: 
being closely connected’ with the percentage of carbor) in the ‘steels!’ 
would be expected, since it is the carbides which sold sett from solution: 
when the steel is annealed. and again Pass into id solution when heated. 
above Ac3 just before quenching ~ 
In 1916* a hypothesis to account for electrical resistivity in stecls was 
advanced. This hypothesis assumed .the éssential unity of mechanism’ 
solutions and of a solutions, and attributed that portion of 
to resistivity dye’ to’ carbides in sdfuition to’ the trahsformati 
that lectri¢al energy’ into’ reat, this’ transformation’ ‘being ‘due’ to the fact. 
t'it°ig those molecules in solution that’ are most’ reactive toward: any’ 
form of energy. If ‘heat’ is assumed to ‘be made up’ of two'‘forms’ of 
motion, one portion being electronic and the’ rest’ ‘atomic’ ‘or: molecular. 
motioti, ‘We ‘easily’ fad a reagonable ‘exp for the correlation 
between’ electrical ‘and. resistivities’ based'on the solution in’ 
the full’sénse of the word. T itt Solution. 2 


of of reacting with ‘Slectrical, atid atid” trans ransforming: po ‘this’ | 


ee Journal of the Iron tnd Steel Toate” 1916, No. Il, p. 
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electronic motion. into atomi¢ or molectlar: motion, thus producing :elec-, 
trical resistivity, iti would be only reasonable, to:expect that the same: “mole-: 
cules in solution which could transform» electronic motion: of electricity: 
would also be capable of transforming: that portion of heat: which: exists: as 
electronic : motion: into.:atomic: or: molecular» motion. -Under: this -concep~. 
tion:we would expect ai close relationship: between: the ‘electrical: and ther-: 


carbides. are: the: only: any considerable: vextentiit: 
was shown:in the paper-before referred ‘to! that:there;is parallelism ‘be-! 


tween the thermo-electromotive potential of these carbides andthe specific: 


resistance; ‘both being dependent ‘on the, concentration ‘of the carbides ‘in so-' 
From curve, of: the! thermo-electromotive potential 
Figs. 1 and 2 it will be evident that ‘the thermo-electromotive. potential :is» 
dependent upon the: chemical! composition: Of ‘the: solutes:'as well: as. on the 
concentration. Under the conception’ of: the’ essential: unity of mechanism: 
of ‘metallic ‘and aqueous solutions the assumption that the: thermo-electro-' 
motive potential of: solutes in: solid: solution: is exactly: analogous to the. 
solution tension: of) electrolytes in aqueous’ solution; would: offer a simple: 
explanation for the changes in thermo-electromotive potential due to dif-. 
ferences in. chemical composition and heat: treatment. If a»cell-be set up! 
with an aqueous: solution ,of a ‘single. electrolyte) A, 
force of such cell_will be dependent:on the chemical .composition::and: 
concentration of theelectrolyte.. second cell! be set tip: with an electro- 
lyte B, of higher solution: tension than A, the electromotive: force of: the 
second cell will be higher: than ‘that of the first’ for a given concentration. 
If-a cell-be set up with a mixture of these electrolytes, A-and:B, the elec-| 
tromotive ‘force of such cell will-not, be additive; but will be intermediate: 
between that:of A and! B, never reaching as ‘high as when: B: alone is: 
present,» An) exactly. analogous »change will be ‘found in ‘the thermo-.- 
electromotive potential of steels when-the concentration of the: solutes ‘in. 
solution:is changed by- heat treatment. |; When :the: thermo-electromotive: 
potential of the solute in. solution, other than carbides, is higher than; that. 
due to carbides in solution, the thermo-electromotive ‘potential, of such’ 
steels-in the hardened condition tends to be lower than that;,of. the same. 
steel. annealed; since in) the: annealed, condition the carbides.are. very. 
largely precipitated. This. is most strikingly illustrated in case of SNij,: 
where; we. find..a distinct drop in| thermo-electromotive. potential brought. 
about: by quenching; although: the: specific and: thermal ‘resistivities :are: 
matkedly' due'-to. the of the! solutes: im! 
solution—* w et tr bat: od hi 


The 7 ie engine building at the Buc Engine Company, Salem, 
Mass., illustrated. on. the. linder diameters 
inches are 15%4, 26, and 44. Stroke Piston valves are,.u 
on all cylinders, their diameters in ices being 71/36, 14 Mae, and, 
Length. of, valves is 3 feet 15/16 inch. 

‘The engine: frame consists of forged ed. front, columns, 4 
diameter, and cast. A-shaped. rear. columns, which carry .crossh 
The. columns. 7 feet, hij sh, Shafts 8%. 


anks set at 120.degree a 
details of design follow conventional “desigas. 
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THE TERRY TURBINE-DRIVEN FANS. 


In his cele paper r on “ The Development of Machinery in the U. S. 
Navy during the Ten Years,”.Captain Dyson drew attention to the 
* success which had attefided the adoption of the turbine-driven fan for the 


+4 ‘production of forceddraft in stokeholds of battleships and destroyers of 


the U. S, Navy. One of thé*great sources of the failure these ships to 
_ hold high speed for any long continued period jof time with all classes of 


vessels had “been the continually recurring’ breakdowns of forced-draft 


blowers with engines of the.reciprocating type. Fans driven by: electric 
motorshad been tried,“by means’ of- which the blowers.of large diameter 
and slow speéd-of revolution had been replaced by blowets of smaller — 


_ diameter and higher speed of rotation, the tevolutions per minute” 
' | increased from 225 to 650, giving a much smaller and lighter machine, an 
> | vastly. increasing the durability and the reliability of the system. 


‘The. great drawback of the electric motor was its’ of flexibility of . 
control, and this led the American. Bureat of Steam Engineering to scan 
market closely to.-find” turbine-driven blowers ofp design to 
_ install for-the*work required. Not being able to find any’su 1 in existence, 
“it succeeded in awakening the interest of the Terry Steam Turbine Com- 
pany, of Haftford; Conn., and the company developed what turned out to 
be a very satisfactory machine, so indeed, I 
describes thesadoption of this type of turbine 
~_“ of ‘even more ‘value, if possible, than the of steam 
_Doubts:were at fifst-expressed on the question of the: steam: consumption 


ht of these small turbines, but it was pointed out that with feed heaters in- 


_ Stalled and with “turbine main engines, in’ which the excess of auxiliary 
"steam can be tised.in the heaters and in. the low-pressure § es of the 
| curbing the steam economy of auxiliaries, which are only when the 


engines are in operation, or used to only. a Small extentin port, does 


_ not cut any great figure in the general economy of the machinery plant. 
marine service thé Terry Steam Turbine Company manufacture both 


a vertical and a horizontal turbine, the vertical turbine being utilized for — 
driving of-fans; and: the horizontal turbine for driving dynamos and 


pumps. Terry “turbine forced-draft fan set for use on board ship 


consists: of a vertical turbine on which is moufited a fan as shown. 
| The turbine is of the distinctive ‘Terry type, consisting of a single wheel 


_ enclosed in a cast-iron: casing spit parallel to the shaft. The main features 1 


contributing to“its success are rugged construction, extreme accessibility, 
_ | and the unusually large, well lubricated thrust and steady bearings, The | 


| | _ thrust pbearing runs entirely submerged in oil and both the upper and | 
_  lower-bearings receive oil under pressure from an oil pump submerged in 


| the oil -regervoir...It will be noted from the illustration that the upper — 


bearing housing rests on”the-foundation plate rather than being held up- 


Sj | _ ward by,bolts under tensional” strain. The steam and exhaust connections 
aré’on the half of the casing, to which half the foundation plate is 


also’ attached. This” construction allows the turbine casing to be swung © 


open and thé. entire..rotating élements, including both bearing housings 
complete, to be removed without disturbing the turbine alignment, the 
| governor mechanism, or any pipe connections» whatsoever; and without 
removing the coupling from the shaft, 


The.'steam action is so different from, Gther turbines. that it ‘dedaxyes 
__ mention, particularly because it makes possible the extreme reliability — 
_ obtained with the Terry turbine. Instead of striking the side of the turbine 

wheel the steam strikes the rim. It expands in the nozzle from approxi- _ 
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mately boiler:pressure:to the exhaust: pressure: from the nozzle at 
high velocity, it strikes: the'side:of the bucket, in’ which ‘its ‘direction is ‘re- 
versed 180 degrees. As this initial.impact absorbs only a part of the total 
energy, the jet of steam passes into a stationary reversing chamber which 
turns it back upon the wheel a second time. This: action ‘is irepeated 
several times until all the energy: is absorbed from the steam. This prin- 
ciple of operation makes for higher efficiency at low speed, because more 
reversals can thus be had and, accordingly, more energy abstracted from 
the steam than in:the type of turbine where the: steam strikes the wheel at 
the side. With this efficiency there is’ further phtehneth ‘simplicity and a 


practically trouble-proof wheel. 


The wheel is cut from solid steel are the buickets are: ‘nifled in the rim. 
There ‘is thus’ no possibility of buckets. becoming loose; ‘The “power- 
producing action of the steam: takes effect:only’on the»curved surface: at 
‘the back of the bucket. As the only function of the blades split ‘the 
steam jet, close blade clearances: between the reversing chamber and 
buckets are’ ‘avoided; Clearancés ‘at ‘the’ side’ of ths ‘wheel are in 
case, being more than 1}4 inches; 

horizontal Terry: tarbine: built with the sane care! 
oussliag it to be extensively used: for driving condenser auxiliaries, | 
feed pumps, general service pumps, dnd auxiliary light and: power vats 
aboard ship.’ In order to obtain’ ease of access to the interior for inspection 
or repairs the casing is split horizontally, The steam inlet and’ exhaust ‘con- 
nections: ate on the lower half, so that’ the upper half'can be removed’ with- 
out disturbing them or the alignment of the unit. This same principle is 
maintained in the design of the bearings and bearitig covers, the ‘bearings 
being split and arranged so that the lower half can be: rotated and’ removed 
new one put in without disturbing the shaft/'’ The oi wells’ are 
large, permitting: ample*radiation: ' In the case of slow-speed turbines’ the 
oil is supplied to bearings by oil rings, while with’ high-speed ‘machines 
oil is: supplied under ‘pressure from'a pump driven either from the: 


shaft-or from the reduction-gear shaft in case such gear is! used. 


rings are used: in’ addition to to insure: lubrication should: forced-feed 

supply be stopped. 

he governor is of the Ayball ae. and i is mcninted directly on the’ tars 

bine shaft: It controls the ‘admission of ‘steam means ‘balanced 
valve. Admission to each individual nozzle is in addition’ governed ‘bya 
hand valve. This control permits full-load 
at partial loading. It further makes possible the purchase of''a 'tufbine 
present and future requirements with good’ efficiency under both 
con tions. 

The turbine i is valuable for, maririe ‘plants’ becatise of 
light all’ space’ ‘occupied ‘fora given amotint’ of power.. 

is’ used ‘the’ United’ States, British, Ttaliah’ atid Chinese 
navies, and ‘also on‘ yachts; etc., thr shout ‘the. world — 


By Stoney, FRS, 


The blading in steam turbines is €xposed not only to jue ‘cen- 
trifugal force, but also to stress due the pressure of the on the 
blades and to vibratory stresses, 


| 
; 
| 
. if 


strent: due to-centeifu gal force is easily dealt with, since it is merely 
due of Medes and for brass blades is: 
3 
934,000 * Ts. 


in. due to centifgal force. 
R = revolutions per minute. 
d@ = mean diameter in inches. 
As blade height in inches. 

In considering this stress, which is a steady ‘eaten, ie cents must ‘be 
had to the fact that in some blade fixings the strength of the fixing is less 
than the tensile strength of the blade, and in some cases the blade is cut 
away -at the root to provide for the blade fixing. Further, in some types 
of construction the yield point at which the blade begins to Uraw out of 
its fastening is reached considerably. before the yield foge of the material 
of. the blade; and this is sometimes, accentuated : by blade’s tending’ to 
become to. a slight. degree loose, owing to repeated -heatings and coolings. 
This is especially liable to-occur with blades of brass or other alloy, which 
have.a much larger coefficient of expansion: than the steel: of the turbine 
rotor, Equations (1) and (2) give the tensile stress on a parallel blade 
just where it, is fixed into. the rotor; and in considering what stress is 
safe due regard must be had of the method of holding the blades. By the 
use of taper blades, which are sometimes employed at. the exhaust: end of 
large turbines, this stress can be reduced to about two-thirds of the value 
given above. The factor of safety allowed should be at least three, taken 
on the yield point of the blade with its fastening, and at least four on the 
ultimate strength of the fastening and blade. 

The next stress on the blades is that ty to the presence of the. steam 
on the’ blades; and this is the force that drives the turbine. Many methods 
have. been proposed for the estimation of this stress; and all are more or 
less approximate ; the method here given has been found convenient in 
practice... 

In designing a turbine the following quantities, amongst others, rot 

enerally known: 
Q = maximum 1 

we velocity ratio, or ped cin per 
= blade efficiency. 


The relation between the blade efficiency n and the . velocity ratio.a PRs cup, 
bines of modern design, is given in Fig. 1, in which. is the actual, bade 
efficiency with no,allowance for leakage, windage, bearing frictio 

In an impulse turbine the work done in foot-pounds per mn Pag by the 
steam on the blades per stage of the heey is given by: 
= 


and the tangential force in pom 


and for steel blades : 


Remembering w= 


oO mm 


fa) 
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A-very useful unit in these calculations’ is' the ‘blade that ‘is, 
width of a row of blading measured ‘axially in’ the ‘turbine. As blades of 
various sizes with’ similar’ shapes ‘and’ atigles ate, ‘or should’ be, similar’ in 
any given type of blading, it follows that the moment of _ resistance’ to 

‘varies as’ and’also that the circumferential pitch of the blades 
A=b w, where 6 is a constant depending t: the type of ‘blading. In 
impulse blading generally between 0.5 ‘and 0.6, in 
it is between 0.6 and 0.7. 


At 


Fig. TURBINE EFFICIENCY CURVES BRAKE TO 


y ratio | 


The number of in a where there ‘is admission all round is 


and the force on each bade ia: 


If Z is the resistance modulus of the blade section when 1 inch wide d 
Ja is the stress on the blades ‘due to steam pressure, then the moment is 


we 
336 x bald 


Fig. Lare given in Fig. 2... Strictly speaking, these should be corrected for 
leakage; but in neglecting this correction we are kesping on the, safe side, 
and.in a modern,turbine the leakage is small. This. seems a difficult 
equation to work with; but in. practice it. must be remembered, that usually 
the velocity ratio and blade shape are constant throughout, the whole or a 


QR 


AM 

i 
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The total tensile stress om the ‘blade, is then given by f=fi +fe; and here 
a distinction must be made between the strength of the blade and the strength 
is Sxed the, rotor ; words of the blade 
xing. 

stress due, to steam pressures on the blade, or causes, be bendin 
the blade, and this combined with the. centrifugal Se, Bives the 
which must be allowed for, at the weakest section of the root,of the b 
On the other hand, so far as pulling the blade out of the rotor is concerns 
only the centrifugal force f/, must be taken into account. 

. The. factors.of safety to be allowed. in the Jatter case have already been 
dealt with; and similar factors of safety should be allowed" for the com- 
bined stress due to centrifugal force and steam pressure in the case where 
there is complete admission of the steam all round the blades. _Where 
there is partial admission, much higher. factors of safety must be allowed 
for the stresses due to beriding, on account ‘of, the intermittent action of 
the steam. In many.cases between 10 and i is not too large a factor of 
safety to allow. 

It-may be mentioned that in moderate-sized turbines up to, say, 4,000 
H.P., the 0 and in the blades are rarely seu but in large 
sizes, 15,000 H.P. and | they ‘phen. Become of 


‘4 
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“tn the’ case ase ‘of partial admission, the, ‘value, of must ‘multiplied. ty 
the, ‘proportion of the circle occupied by, nozzles. As, mentioned before, i ia 
practice it is found that 73can be made constant for considerable ranges 


in the turbine; and thus the: blade widths suitable can be seen at once 
when the blade heights are, known: 

In two-row impulse blading the yet is divided between the two rows, 

so that, approximately the work done inthe first row.is that due to the 
ps Picci as shown in the curve for one row in Fig. 1, and’ in the second 
Tow as that due to’ the difference between the curves’ for’ ofie ‘tow ‘and two 
tows.’ Thus’ if the velocity ‘ratio ‘is' 0.2; the ‘efficiency’ for’ the first row is 
54 per cent’ and for’ the second row 11 per cent, the ‘sum of which makes 
the total ‘efficiency ‘of ‘the ‘two ‘rows 65 per’ centt, as givert on the’ curves: 
Similar: arfatigement holds for three rows. 

‘In’ practice, ‘the rows are ‘genetally made’ of! the same ‘width, or: 
the same; for if the first row is strong enough it is generally found that 
the others are also strong enough. The longer blades, however, may need 
to be reinforced at the root, on account of centrifugal force and vibration. 


q \ 
wd 


Another method, which is often ‘convenient when: partial ‘admission’ is 
used and the: velocity of the steam is above the critical: velocity; is based on 
Rankine’s formula for: the: flow of* steam under these ‘conditions! A 
similar formula has also been given, by;M..Rateau. This is, that the flow 
of steam, q pound per second,’ is approximately proportional to the abso- 
lute pressure Pin pounds per square inch, and that q==0.0145 P A, A 
being the ‘area ‘in’ square ‘inches tor 101 
- The-area for the steam per inch ‘of the circumference may ‘bé taken’ as 
0.8 h'sin’ 9, where: 9' is the exit angle of the nozzles and 0.8 is a coefficient 
to allow for the thickness of ‘the ‘nozzle “plates, the overlap of -blade 
— the nozzle and the divergence of the nozzle from’the throat tothe 
The tangential: force T1 iper inch of circumference iaithen:given by: 
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As such blading is often at the beginning of a turbine where the admis- 
sion is very partial, a large factor of safety has to be allowed, on account 
of the intermittent action of the steam; and thus, as mentioned before? in 
such cases it is often found that a factor of safety of about 10 must be 
allowed, while 4 or 5 is a sufficient factor of safety where there is com- 
In many cases the blade fixing Consists in cutting away thé’sides of the 
blade and ‘putting it; with distance pieces between the. blades, into a,dove- 
tailed groove in the: rotor. Such: cutting away.of the; sides weakens, th 
blade against bending stresses much less than might be supposed; an 
further, the blade is partly supported by the section pieces between. 

It can be seen that cutting away the edgés of the blade does not weaken 
it much, and in some. cases may even increase its theoretical strength, 


when we remember that z=}, where T is'the moment of inertia of the 


blade and o is the distance of the edge of the blade from the axis thro’ 

the center of gravity. Cutting away the edges reduces o largely, and 

only a little, as the edges are.thin. . Thus a certain amount of cutting 
away actually increases the strength of the ‘blade; but in practice this 
amount must generally be exceeded, in order to provide sufficient bearing 
surface to take the centrifugal force. It is a case similar to the old 
conundrum of a square bar of iron supported on two props with th 
diagonal vertical and a weight hanging at the middle. ‘If the fiber’ str 

is found to be too high, how are we to increase the strength by means 
only of a hammer and chisel?:: The answer is: “Cut off the top and bot- 


~ In the foregoing only the tangential force on the’ blades—in other words, 
the force that drives the turbine—has been considered ; and the ‘axial force 
paraliet fo the axis of the turbine, due'to drop of" pressure’ in the 

ades, has been neglected ‘since in impulse turbines it is generally’ small in 
amount. In impulse turbines the whole, or the greater part, of the 4 
sion takes place in the fixed.or guide blades, and there is therefore little 
drop of pressure in the moving blades; thus the axial stress—the stress 
parallel to the axis of the turbine—is small. Ba nines 
“In reaction or Parsons blading, since there’ is équal’ expansion’ in 'the 
fixed and in the movi lades, the drop of pressure across‘ the moving 
blades is considerable; axial stress is therefore large, and under ordi- 
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nary conditions is equal to or rather more than the tangential stress. In 
such reaction blading, since there is equal expansion of arenes steam in the 
and) moving equation (3) becomes: 


for the tangential force only. “Here a is the ratio or the 
ratio of the blade speed to the steam ‘speed in either the fixed or the 
moving rows. In some books the velocity ratio is taken as if the whole 
of the expansion were in the fixed row, as in an impulse’ turbine: it is 
therefore 1/V2 of the above value of a, and cate must be taken not to con- 
fuse the two. 

Let T be'tangential force on the blading and L, the axial, 4 p being the 
drop of pressure across either. moving, or —— row, and V the volume of 
steam in feet per second. 


AP 
A being the ares of the annulus. 
Therefore: 


and the forces on each blade have the same ratio.. The: resultant force 
on the blade, n, ip: then the resultant of these two forces, or: - 


29 


from this it, follows, as "was derived from (3), that: 


Fig. 3. gives the relation between and a. derived being 
taken as.20 degrees; and since, of course, the minimum value of a in any 
section of the turbine must be taken, it is seen, that between the values of 
a=04 and. a==0.6, which are the usual. in 
valne, of B is ap, so that: 


el 


gives the total stress on the. dite of 
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_This acts at approximately 45 degrees to the axis of the turbine; but 
es, 

It is, of course, necessary to take the minimum value of a in a turbine, 
and not its mean value. In the usual form of eee reaction turbine 
there is. generally an appreciable difference between the minimum and 
mean values of the velocity ratio. 

Until the present time no account has been taken of the stiffening 
effect to the shrouding or lacing of the blades. Shrouding’ riveted: on to 
the top of the blades cannot be considered rigid for small movements, 
and thus cannot well be taken into account in considering the stresses on 
the blades, and this is the type generally used in impulse b blading. If such 
shrouding, which is generally of substantial section, could be rigidly 
fixed to the blades by silver soldering or brazing, the strength of the 
blades would be considerably increased, and their tendency to vibrate 
largely reduced. The difficulties in a ant: 
ate, however, considerable. _ 


t- 


In the case of reaction blading the usual practice ‘is to silver-solder on 
lacing strips at intervals along the blades; but such lacing strips. have not, 
in practice, sufficient rigidity to add much to the aici of the blade for 
resisting bending. Besides this, when the blade is of hard-drawn material 
it is annealed locally by the brazing on of the lacing strip. The chief 
function of these lacing strips is to prevent the blade from vibrating, and 
in all types of blading some of the most serious stresses to which 
is subjected are vibratory stresses. Such stresses arise from many 
causes, one, being partial admission of the steam; and even when there is 
nominally complete admission, sik se ger generally Occur as may be 
caused by the cylinder joint, Dealin th such difficulties is entirely a 
matter of practice, and even yet one ats occasionally of trouble due to 
vibration, especially at the aust end. For safety’s sake it is necessary 

t the natural period of vibration of the blades shall be a high multiple 
of the rate of revolution of the turbine. 

Another im: <1 factor is that the blading should not be too flimsy; 
that is, that proportion of height to width should not be, too great. 


In all structures it is essential’ that the desig 
and a “mechanical job.”' ‘What it is that constt® 
ter of practice; but it is obvious that a blade, 
inches: or: 10 inches: high’ ‘is: flimsy and: ‘not substag 

In conclusion, the ‘author would wish to express hit 
the preparation of this article to the staff of the Mart 
Technology and: to various friends, more M 
and: Mr. M. Martie “ Engineering.” 


sho ld be: “ substantial ” 


STRAM-CARRYING. CAPACITY ‘OF. PIPES, 


pages 418 to 422 of the May, of thie 


‘ower’’ publishes the following letter from Mr 

These charts were made after a careful study of an article on ‘Flow of 
Superheated Steam in Pipes,’’ by E. H. Foster — the A. S. M. E. in 
May 1917. (Volume 29 of e ‘Transactions’ }. ese charts are good only 
for short runs of as mains and and are 
not figured on a basis of pressure drop. emadnaey-ty 


P = Pounds of steam passing per hour; 
C = Cubic feet.of steam per pound ; 
V = Velocity in feet Per minute ; 


in which | 


REPAIRS TO INTERNED GERMAN VESSELS IN BRAZIL. 


In this number we ‘reproduce. two. photographs of. the damaged high- 
pressure cylinders of one of the German merchant ‘ships interned in Brazil, 
as a result of the declaration of war between Brazil and Germany, as they 
illustrate the thoroughtiess of German destruction. The number of Ger- 


man vessels interned was approximately 45, totaling 235,000 gross tons, Sy 
These had been more ‘or less all seriously damaged, particularly . the pro- 


pelling 1 machinery, and in some cases new throughout ‘had to: he 
made; in others only portions of the cylinders had been destroyed. The 
thoroughness of the work done by the German engineers is suggested by 
the fact that in one case of two damaged cylinders at least 8,000 holes 


must have been drilled transversely and vertically through the cylinders, — 


in order to effect complete destruction. Several of the vessels were 


over by the Brazilian Ministry of Marine and others by the Lloyd Bra- 
ziliero: Company. 


In the early part of 1917 the Brazilian Government invited Messrs. | 


Vickers, Limited, who had placed their experience at their ie to send 
an_ engineering technical officer to Brazil to survey the damage to the 
machinery and carry out the necessary steps for its repair, It was found 
that not only. could the work.be carried. out in Brazil itself, but in the 
naval arsenal of that country. It therefore decided the 
of Marine to pameet immediately with the re-casting of the damaged - 
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ders and=liners it credit is awe gineering officers 
Brazilian navy and to the personnel of the arsenal, not only for 

the work, but for the expedition with which it was carried out. : 
- The photographs we reproduce are of the high-pressure cylinders of a 
quadruple set of engines, the respective diameters being 263/10 in., 38 3/8 
in., 56 3/8 in. and 81 1/2 in. by 54 in. stroke. The cylinders illustrated had 
been broken into hundreds of small piéces, and in order’ to make new 
- cylinders to. suit the set it was necessary to collect as many pieces as pos- - 
sible and to erect theni as illustrated, so that the dimensions of the cylin- 
ders could be measured accurately. When_ erected, photographs were 
taken, and we are indebted to the Brazilian Minister: in London for’ per- 
mission to “reproduce. these photographs. “Portions of cylinders were 
also rescast and welded in position.in the engirieering workshops in Brazil. 

It is an interesting. fact that most of the broken parts of the machinery 
were, in the case of thegreater number of vessels, carefully stored between 
decks, evidently in order to be used as scrap. metal-in-Germany, in the 
event of the return of the ships to the “ Fatherland.”—" Engi 


ere: 


TYPICAL CASES OF THE DETERIORATION OF MUNTZ METAL 
(60-40 BRASS) BY SELECTIVE CORROSION. 


Brass of the type 60 copper and 40 zinc, which is used commerci 
variety of forms-(e. g., wrought bolts, sheathing, condenser tubes, extruded 
forms, etc.), often shows a kind of deterioration by. which the metal 
changes its color to copper red, and becomes very weak and brittle, although 
the shape and size apparently remain unchanged. This change of prop- 
erties ig due to a selective corrosion of the alloy, which has a duplex 
structure, when exposed to the action of some electrolyte, particularly sea- 
water. This type of corrosion has been recognized by manufacturers and 
users of brass for some time; the numerous samples illustrating this kind 
of deterioration which have been submitted to the Bureau of Standards, 


lower 1, showed the utility of a description of typical cases of such cor- 
rode 


appes ‘oded samples, 
to accelerate this"type of” micro-structural com- 
position of the alloy, contact with strongly electronegative metals; the 
effect Of certain adhering deposits of basic zinc chloride-fesulting from 
the corfosion, the thoroughness of the annealing the sample has previously 
received, the temperature of the electrolyte, and the stresses to which the 
specimens are subjected during the corrosive attack—“ The U. S. Bureau 


AN EARLY STEAMBOAT. 
In a letter on “Old Books,” in out issue of ‘Juine-29, Mr. Arth 


Johnson, of Bolckow,- Vaughan & Co., Limited, Middlesbrough, 
“T picked up at a country book shop the large folio volume of plat 


condenser tubes, and parts which were corroded..while under stress. 

a The examination of,the micro-structure shows clearly the method of the ; 

4 attack, the zinc-rich constituent being electrolytically “leached out,” leaving 

4 a skeleton of weak pulverulent copper in its place, so that the pieos be- : 

§ comes very weak and brittle. Later the sécond constituent may bé at- i 

5 tacked, so that the whole mee is converted into pulverulent “ og oct a 

4 Pies sample becoming so weak that it can be broken into-fragments im the : 

rote: ; 
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Tredgold’s Works, ‘dated ‘1839, London, John Weale, which contained, 
stuck in a back page, a drawing which must surely be of interest to all 
engineers, as it is sij ed by John U. Rastrick, March 27, 1813, Bridgnorth, 
and is a plan, sectional elevation and end elevation of a design for a 
steamboat. The engine is set in the end of the boiler, and is high-pressure, 
and directly connected to the crank shaft, on which are mounted a pair of 
paddie-wheels. The workmanship of the draughtsman is admirable, and 
the shading ‘would probably not ‘be worth the trouble today, The picture 
is of interest, as Rastrick was the founder who: built the engines | of 
Richard Trevithick, and it would please me to know if Trevithick ever 
had sucha ship constructed, and if he planned it himself. The scale of 
the drawing is one-quarter inch to a foot, and the ship was intended to 
be about 40 feet long, 11:feet inches beam, and 5 feet draught.” 
» Guessing that Mr. Johnson had struck a real treasure, we wrote to him 
at once on receipt: of his letter, and, as*a: consequence, he has been good 
enough to have the drawing photographed, and has given us permission 
to reproduce it. Simple as it is, it is an extraordinarily interesting link in 
the history of steam navigation. ' The Trevithick influence is obvious. ‘The 
engine is a high pressure one—there is no condenser—and all the com- 

plication of side-levers or overhead beams is avoided. The whole design 
is ‘as direct and simple as could be desired.. The cylinder is apparently 
single acting, and:we gather that a trunk piston, with the comnecting-rods 
coupled to's gudgeon pin, was proposed. It is almost buried in the domed 
end of: boiler, which ‘has a’ fire-flue: atone sidé and a return flue at: the 
other. The counterbalance weights in the paddles will be observed. The 
whole thing is excellent in its simplicity and directness of ou e... 

At our request Mr. Johnson has scaled the drawing with care, and 
making’ allowances. for the changesin the» paper during than 100 
years, he concludes that the original length of the vessel was meant to be 
44 feet overall, by 11 feet beam. We have added to the drawing a’ scale, 
from which the other dimensions may be taken 

We are quite unable to say whether this “ ship, as Mr. Johnson calls it, 
though pinnace is probably a better name, was ever constructed, and if 
any of ‘our readers can give any clue to it, we en: ineefs would be greatly 
indebted. to them. . Trevithick, as readers of his “Life” ‘know, ‘was 
or interested in steamboats, and in Vol. I, page 352, of his “ Life)” a 
letter b: y him to Hazeldine, Rastrick & Co., Bridgnorth, dated November 
13, 1815, Penzance, may be found. In it he says: “Enclosed you have a 
drawing. for the towing engine for London, which you will execute as soon 
as possible.” It is clear from the context that the engine in question was 
meant ‘to drive a screw propeller, so that even if it were not two years later 
pi th ‘ Rastrick drawing, it would be obvious that the same’ vessel’ is’ not 
referred to. 

It may _be of interest to recall that Fulton’s steamboat, the Clermont, 
was completed in 1807, and that John Robertson’s Comet was built in 1812. 
Hence Rastrick—or Trevithick—could not be regarded as a pioneer; but 
it must, at’ the same time, be. admitted that the simplicity of the design, 
andthe obvious intention to use high-pressure steam, are matters of’ 
highest interest. “Whilst we fear it is unlikely that any of our readers will 
be able to throw further light on this most interesting drawing, we .féel 
sure they will be glad to see the reproduction of it. We would not for the 
world suggest that Mr. Johnson should part with such a treasure, but we 
venture to suggest to the Museum of Science that it ought ‘to ask him to . 
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RASULES. WITH ELECTRIC DRIVE ON THE “ yUPITER” 
FOR BAYTLES HIPS AND CRUISERS, 


ai By Esxn, Beret 


Until ‘within the last few years; ‘reviprocating. engines: were 
sively for the propulsion of boats, but/with the advent: of the steam turbine 
and ‘its almost universal. ‘use shore, swheré, to: its. high’ steam 
economy, small size, and light: weight, ithas practically superseded the | 
reciprocating engine, the practicability of its use: for the propulsion of 
ships’ began to be considered. ‘Some of the reasons why the turbine. is 
preferable tothe reciprocating engine as a prime mover are as follows: 

First : Because it gives’ simple rotation and admits the possibility of a 


' large range of expansion. At present the best’steam engines of the triple- 


and quadruple-expansion type cannot, on account of the size of the.low- 
pressure cylinder, be made with an expansion ratio of more than 16 to 1 or 
20 to 1; In the turbines, ‘however, there’ are practically ‘unlimited -possi- 
bilities. of expansion, depending: almost entirely upon the temperature: of 
the condensing ‘water..) A’ vacuum of 29 inches:is not at all an unusual 
occurrence, and 29.5 inches is being recorded in some) of the: larger ‘central 
stations ‘during the ‘winter months.:: What this::means):may be: bétter 
understood ‘when’ we consider the available energy of a pound of steam 


when it is expanded from boiler Pressure ‘to various: degrees of vacuum. » 


200. pounds pressure to 24 inches vacuum, 220, 000 ‘foot- -pounds 
200 pounds pressure*to 26 inches vacuum... .. tee 288, ,000 foot-pounds 
200 pounds pressure 28 inches: vacuum. 265,000 foot-pounds 
200: pounds pressure to 29 inches vacuum. 289,000. foot-pounds 


‘In ‘other. words, a turbine can realize about per cent more of. the 
energy of the steam than the reciprocating engine, which means a saying 
of 25 per cent.in fuel, size of boilers, etc 

The. small size of the turbines is, of course, another. very important. item. 
Incidentally there are.a great. many minor. advantages, such as. YEE,, of 
oil, ash handling. facilities, et 

‘When the turbine i is considered for ship propulsion there are a few! facts 
that. must: be borne in mind, namely: 

High speed. turbines are lighter, cheaper, simpler, and more economical 
than the. slow speed turbine... Propellers, on the other hand, are, ithin 
well-known. limits, confined to: slow speeds, for high efficiency. Turbines, 
therefore, when used for direct connection, to. the propeller shaft, , must 
necessarily be designed to operate at a. speed which is too low for ine 
economical use of steam, and even then cannot ‘be conveniently desigr 
for a, speed low enough to secure efficient propeller action. - 

It, is, therefore necessary, in order to obtain the advantages of the high 
speed turbine and at the same time to be able to use a low, speed efficien 

ropeller, to have some form of. reduction gear between, the propeller anc 
the prime. mover. This condition is what led up to the application of elec- 

tricity. to the, propulsion, of ships, to. the mechanical reduction gear, and 
also to, speed reduction by means of hydraulic transmission, Electric pro- 
pulsion is best. suited to very large, high-powered vessels, especialy in 
where goat pooneant is desired at two or more speeds, as. in the case 0 


warshups, The. Feasons for this are as follows: 


paper on of Sh presented ‘at ‘a meeting th 
Electrical Section of the Institute and the Ships * preg Section, in i, Institute of 
Electrical Engineers. 

t General Electric Company, Schenectady, N. Y. 
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BLECTRIC PROPULSION, REST SUITED TO, LARGE HIGH-POWERED VESSELS. 
‘transmission affords a very simple. and. ‘practical means of 


uction in almost any ratio which may be desired. |; 

_ It affords a very simple means of reyersal by a change. f electrical con- 
nections without mechanical of piping, valves, etc. 
Any desired reversing tpenise, ea, btained without affecting the effi- 
ciency of the equipment in the preaths' direction. 

In the, case, of battleships, the, feature that.is particularly important: is 
that electric, transmission affords means by which the..ratio of, 
-duction, is, changeable by simple electrical, connections, thus possi 
the, economical juse of, same apparatus, , both. under 
cruising conditions, 

Electric transmission makes it possible to use a cruising. and 
generating, units, so. that damage to one: or, more parts not disable the 
vessel. 

elect ic, transmission, high. steam pressure. and ‘superheat ‘ean 

and, the gain in fuel economy by, its use. is. best. shown by 

ese Alin A steam temperature of 700 degrees is now successfully 
in Europe, which with 500 pounds steam pressure would give a superheat 
of 233 degrees. Heat available for work would then be about 36.3 per cent, 
whereas under ordinary steam conditions; say 200° pounds: pressure’ ant 
50 degrees superheat, we have only 30.75 per cent available, a’ net Etional 
18 per cent in fuel, which would more than ‘compensate for any ae itional 
ment or cost.of the electrical equipment, 

Turbo-generators ae fow. built with an efficiency ‘of over 80 per sa 
which with motors 0 pér ‘cent efficiency and a boiler efficiency. o: oft 80 per 
cent’ ‘would produce ‘a shaft horsepower-hour with 0.825 of coal 
plage 14,000’ British thermal units per pound) ‘or 0.61. pound of oil 
British thermal units per pound), the latter figure compari: 

‘favorably with Diesel engines when lubricating oil is taken into consid- 
eration. 

“he first electrically propelled boats’ in this country (outéide of electric 
launches) were two fireboats in the ‘city ‘of Chicago, the Joseph Medill and 
the Graeme Stewart, which were equipped with electric propelling ma- 
chinery in 1908. The second example of electric propulsion is the large 
United States collier, Jupiter. Due to the wpnderteily fine. performance 
of. this collier, which has now, been in service for about, four Lip ay the 

Department decided to install electric _propelli atthe Nex 
battleship New Mexico, which is now nearly completed ‘at Ne 
Navy Yard, .and the apparatus for, which has recently. ‘New ork 
ment.tests at the Schenectady. -works of the General a rg Company, 
The Navy Department fias also. decided to install electric propelling ma- 
chinery in six other new. battleships requiring about 33,000 horsepower each, 
in five large. battle about 180,000 horsepower, each. 

‘The Jupiter is a sister ship of the Cyclops and the Ne fuse, They 
each have 20,000 tons. displacement and a carrying capacity of about 12,000 
tons of cargo. The dimensions are:. Length, 548 feet; 
65 feet; depth, 3934 feet; draft, 27 6 inches. The Cyclops | is equip} 
wi reciprocating. engines and. with Parsons geared turbi 
(built by the 
giving the General: the contract for the 
equipment, a water rate of 13 pounds per shaft at. 14, 
and 15 pounds per shaft horsepower at 10 knots was guaranteed, .Durin: 
ped official trials the Jupiter maintained an average speéd of EP all for 

hours, ‘with 7,188 horsepower delivered to the, propeller shafts and a 
propeller speed of 116.72 revolutions per minute. e water rate as 
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actually measured was 11.68 pounds per shaft ‘horsepower-hour: Due to 
the fact that the steam pipe between the boiler and turbine was.too small, 
the steam ‘pressure at the tutbine was only 168 pounds instead of 190 
pounds, for which the machine was designed. Since the official trials took 
place a larger steam pipe has been installed, and the water rate roan ‘to 


i1 
"PERFORMANCE OF THE “ JUPITER.” 


- During her 10-knot run the water rate was 12.31 siilids tt will be seen 
from this that the guaranteed’ water rates of 13 and'15 pounds were beaten by _ 
about 20 per cent. The Jupiter is today, according to the Government records, 
making a speed of 12 knots, with a coal consumption of only 55 tons a day, ; 
which is a record about 35 per cent better than any boat of her size afloat 
today. The Cyclops on her trials developed 14.6 knots, with about 6,000 
horsepower and a steam ‘consumption of about 14 pounds, ‘or about 25 per 
cent greater than the Jupiter. 

The Neptune, equipped with Parsons geared. turbines, has just 
had her trials and the published results give us the one comparison 
with the Fupiter and Cyclops: 


s. Naval Colliers: 

Steam. consumption at speed, pounds, per Shaft 


The third instance electric propulsion i: is the new U. battleship 

ew Mexico, which is now under construction at the New York Navy 
Yard. This installation provides: pondinngs,* where the advantages of elec- 
tric propulsion can be realized. The New Mexico is the largest and most 
powerful battleship which has been laid down by. our. navy. up to 
present time. She will have a displacement of 32,000 tons anda designe 
speed of 21 knots, requiring about 28,000 horsepower. The propelling ma- 
chinery is, however, to deliver a@ maximum of 37,000 
and it is believed that this will give her a speed of 22. knots, oo 


will consist of two’ turbo-generating. units, . pro- 

pelling motors (one for each shaft), switching. apparatus, cables, instru- 
ments, étc,” The contract also calls for two. 300-kilowatt non-condénsing, 
- direct ‘Current turbo-generators, which will furnish excitation and power 
to drive the atixiliary machinery. As the General Electric Company, was 
required to ‘guarantee the steam consumption of the propelling machinery, 
including ‘the ‘auxiliaries, the greatest care was taken in their selection, 
and they are all to be electrically driven. The exhaust, steam from the 
direct ‘currént generating sets which operate. non-condensing will. be used 
for heating the feed water, and any that may. not be required for this 
purpose’ will be exhausted ’ into the main turbine. The generators for the 
New. Mexico are bi-polar yet ag! and the motors are arranged to be 
connected for either 24 or 36 pol es. For economic cruising at a speéd of 15 
knots’ or less, only one generating unit will be required with. the. motors on 
the 36-pole connection. For higher speeds the, 24-pole motor connection 
will ‘be used with both generators. One generator, however, will be snes 

of driving the boat ‘up to a speed of about 19 knots. 
“Speed variations’ with either motor cofinection vill obtained. by 
ing ile speed, and a governor will be 
‘the Jupiter 2 


; 
i 
i 
- 
i 
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the total ‘amount of steam used both»by ‘the main generating units and: the 
auxiliaries, and are as follows : ‘ 

Steam Presoure 250 Pounds Gage at 


)~ z ry 


= ‘niamely, $25,000 (£5,140) the: and 
#,000' (£4,100 r-pound forthe two'higher speedsi 
ful Seed New Mexico's propellers will te: at ‘revotistions 
ole ‘the ‘lower: speed permissible within ‘the: space; allowed... The 
propeller: speed for the ‘sister ship! of the! New ‘Mexico‘with"Parsons type 
turbines is'240 révolutions per minute, which, to Captain: Dyson, 
would indicate a propeller’ efficiency 9 per cent worse than is expected:on 
the New Mezxico, and this difference would: more for the 
electrical-losses the ‘motors and ‘generators: 
ofder' to! be able*to: correctly: judge: the: relative! economy; of: different 
methods propulsion; it may: be: inte compare the water ‘rate 
per ‘effective: horsepower; taking for’: ‘examples of such’ different : methods 
the battleships Florida ‘and ‘Utah, which are equipped with °Parsons’ tur- 
bines; the which thas’ the: Now: Mexico, : 


with" 

Propeller: Water rate per hortepewer hour, 
Florida 1.8 
Delaware 98.0 18.7 21.0 


The weight propelling for the New Mexico 
without the auxiliaries is 530 tons, with a penalty of £ $500 (£102.5) per ton 
for any excess over this amount. !/The éstimated weight of the Parsons 
turbine equipment for this vessel was 653 tons. 

Bea contract ‘price for the New Mexico machinery was $431,000 (£88,- 

500), andthe estimates show that a’ $200,000 (£41,000) 

will ‘be ‘effectéd by using this’ instead: e Parsons 
as ‘contemplated.’ 


vessels are designed:to have:a speed: 
they? will teqiire: about 180,000 horsepower.|: There, are four | 
operating! at 260: fevolutions at-maxiihum speed. 

The installation: proposed for these: iships ‘consists: high speed 
tut each! having a icapacity; of -about; 35,000; kilowatts.; ;-On 
each propeilér shaft there will be! two independent. induetion. motors, each 
having@! capacity of '22,500: hérsepower:! The: switchboard; will, be,-pro- 
vided? ah: arrangement! by which «any combination of generating, units 
and motofs ¢ah be used, ‘andstartingy stopping; and be: in- 
stahfly:ddne by movement of a lever. |All changes!of connections, are made 
on dead circuits, so that there can never be atiynbig>rushés of; current: to 
strain«the apparatus: ‘Safety providediise that, any, ‘un- 

fof turrent swill-open the circuit.of:that particular unit-in, which 
it occurs, brts oil} 16. 


40 


NOTES. 613 
MOUS. pOUNdS per sha orsepower-hour 
. 
. . 


614 NOTES. 


LJUNGTROM SYSTEM OF ELECTRIC DRIVE. ie 


That eet propulsion can “also be | profitably ‘applied to a small boat is 
proved by’ Mr. strom, in Sweden, in the case of the small coastwise 
steamer Mjolner, w hic is only 225 feet long, 56 feet beam, and 15 feet 
draft, .. requiring. 900. horsepower... .Stockholm’s Rederiaktiebolajet; Svea 
decided to build two sister ships, the Mimer and the Mjolner. The Mimer 
was equipped with triple expansion engines, and, Mr, Ljungstrom guaran- 
teed a saving of 30 per. cent in: fuelwith his ‘of: electric propulsion 
in the Mjolner over the Mimer equipped with engines... The boats have 
now been :built and tested, | and the electrically. propelled: boat:.showed a 
saving of 42.3; per:cent;in fuel.constimption. ‘This is.indeedia remarkable 
record, but’ maybe: partly explained. by: the. increased. efficiency, .of the 
boiler plant... For hisiyelectric! drive: Ljungstrom: uses..218 pounds. steam 
pressure and. 235 degrees superheat, and, this’ alone, would effect saving 
in coal over the Mimer of. about. 15. 

In this boat Ljungstrom uses two; 400-kilowatt. turbines: ‘running at 1,200 
revolutions: per minute, generating, 3-phase, 120-cycle current. at; 500. volts. 
This current:is used:to drive: two.-induction: motors. which: are geared to 
the main propeller shaft. The motors rum at 900 revolutions. per, minute 
and the propeller shaft at,90 revolutions per minute. All of the auxiliaries 
are electrically. driven, which affords another appretiable saving. . 

Mr. Ljungstrom has done some wonderfully fine engineering in iiidiber 
tion with this equipment.and has combined electric propulsion with me- 
chanical gearing, which is a ‘great —- forward.—" International Marine 


CHART FOR STAYING FLAT SURFACE OF BOILERS ACCORD- 
LLOYD'S RULES.” 


-Most the formulas. used. i in design, are use on ‘once, ‘con- 
nection. with any particular design. ose for flat used ai howeyer, are 


used several, ti _In jorder to Plena the labor involved in, figuring ou 
each the flat surfaces, the accompanying has; 
~prepar 


The chart is. based om, LJloyd’s Rules for the, on of marine 
boilers, and includes all the ordinarily used constants. To Hees its ~a 
Suppose the ‘steam space stays come vin! conveniently 18-inch cent 
stays to’ be ‘secured: with double nuts-and outside washers which are to 
two-thirds the pitch diameter: and: one-half ‘the: thickness ‘ofthe: sad 
plate, the working pressure being 180 pounds per square inch! 
“Start at/the! top°of the chart: at! 18-inch arid drop. vertically to ‘the 
correct’ constant, which, 'in' this case, is'185 for steel ‘plates. From the’ in- 
tet'section’ with “this: constant line” run ‘horizontally: to: the 
pressure line.’ From this intersection ‘drop veftically to the plate thickness 
at the bottom of the chart, ‘which willbe’ found between 1:3/32: inch and 
11/8 inch. ‘The ‘latter thickness will, of ‘course, 
illustrates the above: example, 

‘By reversing the operation’ the: can te: used find the 


‘spacing, 
of securing the stays and working pressure, 


he 


i 
‘ 
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NOTES ON TURBINE BEARINGS AND THEIR 
CompiLEp sy C. H. BroMtey. 


It “is the consensus of opinion that. the coefficient of friction slightly 
decreases with increasing ‘speed. speed." Yn high-speed bearings the cocficient i 
independent of the load... 


Bearing Pressure:—With_ slow-running hearings the pressure per. ‘square 
inch usually is not more, than 70 to 80 lb. with white metal and forced 
lubrication. Bauer, Lascher,..and. Swallow give 57 to 114 Ib. “4 square 
inch for forced lubrication. 

Temperature of the Oil.—About 165° F. should be. considered. the lionit 
for turbine bearings, although constant temperature of 195° -F. may not 
give trouble, but: the safety margin is cut down. When the oil reaches a 
temperature above 160° it is likel that will carbonize; therefore, 120° 
to 140° is good practice. 250° is the limit.at which ‘most oils have 

h viscosity to be of any value in turbine lubrication. 

_ Influence of Viscosity—Pressure in bearings experimented on by Tower 
was 625 lb. due to oil being dragged in by the journal—that is, dragged in 
between the journal and the bearing. This tencoea, of course, thatthe oil 
should be fed into the bearing at a point where the pressure is lowest. _ 

Value of Viscosity.—It i is well to cite that: in stern ager of torpedo-boat 
destroyers, where water is the lubricant used, mean re ee is 
limited to 20 to 25 4b. per square inch of projected area. 

using grease go as high as 600 lb. per square inch of eklied area. 

Viscosity must-be such that the oil film is carried completely around the 
journal without breaking down and without squeezing out of the bearing. 

Stability of Oil Film—A remarkable demonstration of the stability of an 
oil film is shown by tests of the Westinghouse Company (Pittsburgh) on 
segmental thrust. blocks of a Kingsbury bearing, where with a mean ‘sur- 
face speed of 54 feet per second pressure could be (and was) increased to 
10,000 Ib. per square inch before failure occurfed; but it was the white- 
metal ‘facing of the bearings that flowed. and not ‘the oil film that broke 
. down, as no serious heating of the oi! took place. 

Relative Position of Lubricated Surfaces—In high-speed lubrication the 
journal is never concentric with its bearings. This is the ideal condition, 
as the experiments of Osborne Reynolds and others have shown kak: 


a Specific Heat of Oil—In practice the specific heat is nsually taken as 0.31, 
and the: specific gravity as 0.88, “Lubricating. Engineers’ Hand- 
Of petroleum fubricating oil at at 60° 
as 

The Coefficient of Friction—The: of friction, or ratio, of- the 
resistance of the oil film to the load may yary, according to Stoney,’ from 
0.0008 to-0.003, but he- suggests 0.002/ as suitable the 
unit pressure is about 500 Ib. per ‘square inch. | 

Oil Consumption and Costs, from ‘a. number oftnsers of 
show that ‘only about rter gallon foil: is 
required for the kilowatt’ per year (“Steam Tur by 
L. G.’French, Scott, ina paper read before the American 
Institute of Engineers in 1896, gave the lubrication charg 
of Teciprocating ‘exigines. as and “of the tu $ as 

Cooling Beariigs with Water.—At the plant of the Buffalo General Elec- 
tric Company, Buffalo, N. Y., water is supplied from the boiler-water make- 
up evaporators, which are 60 feet above the turbine floor and receive their 
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ly from the es pumps. From here the pipes are led to the tur 
bine eating, giving a head of 60 feet; therefore, no extra pumps are aed 
é'the water “whic cools the turbine. bearing 
feet to‘60 feet 15 feet to 


bottom the are used. The’ élearance 
e sleeve 0.602 to 0.006 inch. 
inher sleeve is r ly the beating brass, and is flange at one aad 
ring nut at the other, The inner sleeve is loosely, = the the 
block ;'the other ‘sleeves, usually two, are slipped on‘over t 
which thas oil, grooves. and. radial, holes. ta.let, off other 
which also has small holes in it to let the oil thro 
a hydraulic cushion which admirably stands vibration. fare 
ing should eliminate bearing trouble.where chronic vibsation of the ma- 
chine causes a hot bearing, as may happen when severe vibration is caused 
by" ‘an unbalanced: rotor. >A’ ‘similar: bearing is used On: 
bines. speeds around '3,600' revolutions per’ minute.’ 

High-speed: Zoelty:: Machine»~The: ‘high-speed Zoelty: ‘use a 
in by segments resting ‘upon ‘spherical-headed’ screws. 
Oil Consumption and Bearing high-speed bearings B. 
K. ‘Balfrey, ina paper’ on “ High-Speed Bearings”) (“ Proceedings! of the 
Rugby Society.” the: ‘practice Of:three 


£] 
ATO 


well-lubricated turbines of large output is than: a percent; 

Thrust-bearing Clearances. —Thrust the Sypes 

i 

--dnfluence of Temperature: on. Chemical Reactians.-Broadly,. higher 
the temperature the more rapid the chemical reaction - between 
stituents, of the oil, At 120° F.,,.common: in. wark,, chemical, 
tions go on, though slowly when pure mineral oil-is used... The mast. com- 
mon trouble is that caused by paraffin separating out of the oil in the form 
cooler, greatly decreasing pirates ansmission: oie 


doghouse pany.’: An bse aids ‘ouble:;, but, the 
cae is Oil Coolers. following: data teary 
M. the Italian Corps-of, Naval: ‘givens 
‘in an article in Rivista Marittima.” 


; 4,000 fevolutions per minute, Parsons uses an elastic sleeve bearing, coti- 


ras 


Note that the cooler heat with 
weight and volume. 


Cylindrical shell with two: rows: of ‘U-tubes; water passing, ia series 
through tubes; oil surrounding, tubes: entering at! bottom: of shell, dis- 
charging: at'top; single pass, no baffles; gravity oil circulation... 

B. Horizontal. shell ; straight tubes’; water in single pass through tubes: 
oil surrounding tubes; three:passes;: counter-current. 

C. Horizontal -eylindrieal shell; dbelical coils; one-calh inside 
thie other: (not. one ‘pipe inside another),: oil inlet: to, inside coil returning 
through outside coil; water in one pass through 'shell. 

D. Condenser type; straight horizontal tubes ; oil, two passes’ eaten 
passes; oil and water flow in same direction—that i is, bottom to top. 

Cylindrical ‘vertical shell; short flattened tubes} ‘oil: through tubesin 
water, single. pass, inlet bottom, 
outlet top. 

In a paper, “ Performance-of. Lubricating Oil Coolers,” by: M. C. Stuart, 

in the May 17 JourNAL or THE American Society or Naval ENGINEERS, 
somé interesting results of tests were reported | on three’ ‘types. of oil coolers, 
here ‘designated’ A, B; and 


A. Plain tube; oil in shell in multipass arrangement; water: ‘through 
tubes in ‘single pass. 

Plaiti tubes; fitted with retarders oil: through the tubes: ‘maltipass 
water in shell in multipass arrangement. 

pecial corrugated ' coneentrie tabes ; oil between tubes in single pass; 

water’in shell in single pass." > 

The ‘coolers used were of the same ‘weight and ‘volume, 

of! the tests 


mean temperature difference... 82.00" 


Relative heat (based on unit volume). 
— drop, based ‘on equal ‘capacities, Ibs. 
n. (pressure) 7.80. -2.00 22.6 
Weight, square foot of surface, 10.87 7.95 39.00 
Volume per square foot of surface, cub. _ heed 0.49 253 O15. 


| 
% taken: surface per | up per; e- 
1234] 13,8] 110.3 | |, 484.00 . 2:56, dats 
| | 118.1 | 13.4 218.00]. .4.61 0,063. | 66 to 
D 1543 23.6| 66.9 |° 17.0. | 204.52'|° 7.54. 
E 12,6| 15. 2. 62.00 4.26 0.0 136 I 
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These tests: showed ‘that the’ relative’ friction’ drops| ate ‘in the same 
order as the relative heat-transfer factors, and furthermore that the 
wren ae square foot of cooling surface are in the order of the heat- 
er ors. 
he summary strikingly shows that when. considering, the relative. merits 
of oil coolers, all features of design should be taken, into account. 
Water from Oil—The oil from the, bearings ‘may. be. 
for a considerable time to a temperature of 200° without impairing the 
quality. of the oil, when separating water from oil... 

Testing Oil for Water.—The following method is in use by some en- 
gineers of the United States Navy; Draw a small quantity ytd oil to s 
tested into an Pere of teat-tube ; mix, with the oil an, equal 
gasoline and shake the contents of the test-tube. The _water eo settle to 
the bottom. With a graduated tube the percentage ‘of water may be de- 
termined, the quantity of oil and at igarnline being known. 

The Michell Thrust Bearing —The bearing surface is made up of 
segments, each pivoted to automatically: pri ea préssdre® oil 

lm’ between the collar _and bearing he of the beari: 
forms the oil-well, and in large-sized ‘bearings is water‘ edoled. 
efficient of friction is about’ 0.0015 as against 0.03; the factor of oay at 
300Ib. pressure per square inch, projected is’ greater than’ multi- 
collar bearings give at 50 lb. per square inch. he friction is about one 
twenty-fifth that in multi-collar bearings.’ © 

The Michell Journal Bearing.—This bearing for large sizes as 12 seg- 
ments’ forming’ the ‘bearing surface. Each’ segment 1s faced ‘with White 
metal and rests in a spherical seat. The body of the bearing forms an oil- 
well, ‘the ‘oil passing to the journal through holes, admitting ‘oil, between 
each segment at their seats. 

Westinghouse Thrust segmental thrust have 
red-metal packing rings; the effective bearing surface is, roughly, + a 
cent on the thrust or outer side and 43 per cent on the itiner side. 
45,000 kw. two-cylinder compound turbine at Providence, R. I., Has effective 
bearing surface of 69 square ‘inches, thrust side, 54:5 sau re inches 
bearing speed at 1,800 ‘revolutions ‘per: mi inute’ is 100 

secon 

‘Data on this subject are meager and ‘widely 
factory compilation is yet to be , Presented — Power. wd 
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SHIPS UNDER CONSTRUCTION IN’ tHE [UNIT STATES 
FROM EMERGENCY SHOW 157 SHIPYARDS WITH 834 
- According’ to recent reports the: + Fleet’ ‘Corporation, 
there are now in operation in the United terior 157 "higeaede containi 
834 ways, ‘The total’ number of vessels under contract is 1,977;' 
13,718,850 deadweight, tons. 
list of shipyards, with ‘the number of ‘shi 


ships under As: 
‘without véfification,; from ‘the “ 
Bulletin” of New York Ci of july 11: 
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buildi nd Yard Location. 
ng 3 


G. A. Gilchrist, Thomaston, Me.. 
Cumberland Shipbuilding Co,, Portland, 
reeport Shipbuilding Co., South 
The Kelley Spear Co., Bath, MeA 
Point Shipbldg. Corp., Sandy Pt, Me. 
owninshield Sh ipbuilding Corpora ration, a, ‘South 


28 


god 

Atlantic Corporation, Portsmouth 

sod 

Texas Shipbuilding Co,, ‘Bath, } 250 


building for U. 8. Navy, building for private parties. 
DISTRICT "NO: YORK AND: EASTERN NEW JERSEY. 


Mou! 


9) oti} fog 
Iron ank, Conn,.-.,.. hem wi 


9,500 


2), 
nson ipyar Mariners Ly O2 


STEEL VESSELS. 


Shipbuilding M 

Newburgh Shipyards, Tite.) Newburgh, NAG 10 9,000 

‘Shipbldg. Co., N. J.. 10 30 9,600 

Bethlehem Ltd. (S. L. 


tow! 4 


i 
{ 
i 
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ts 
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; 
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¥DISPRICT (NOL 8=CHESAPEAKE 


nd Yard Loca’ 


2 


HORE 


A, 51963000 
Virginia Shipbuilding Corp's,’ ‘Alexandria, 409 
Shipbuilding Corp’n, Wilmington, Del. 6 7,500 


Harlan & Hollingsworth. 12 5,850 
Bethlehem Shipb’g Corp., Sparrows Point, 'Ma.. 7 


ansiblinde 
rt News Shipbuilding & D. D. 


ett gab na ber iM 

3 .. WOODEN. VESSELS. 


Shipping Board, E Emergency Fleet: 


M. Murdock, acksonville, 2 3,500 
J. S. Maritime Brunswick, 


drey & Thomas, J Jackson 
ational Shipbldg. & D. Savanna dg 
tithland Steamship Co, Savalita 


Mérrill-Stevens Shipbldg.Corp.;. Jacksonville, Fla. 
Danjéls Co. (Tampa S. B. & 


Shipways, Contract 
‘atomac Shipbuilding Co., Quantice, Va... 
rk River Shipbldg, Corn, West 4° 
STEEL. VESSELS, Mine 
Sweepers 
a Ne - 
Mi 


DISTRICT NO. 5—GULF 'PORTS,’EXCEPT TEXAS. 


WOODEN, VESSELS, 
building and Yard Location. 
Shipbldg. Corpin, Slidell, La 
ierks-Blodgett Shipbldg. Co., Pascagoula, i 
Mobile Shipbuilding Co., "Mobile, Ala.. 
Murnan Shipbuilding Corp’n, Pinto Point, 
odge Ship Co., Inc., Moss Point, 
antzler Shipbldg. & D.D.Co., Moss, 


STEEL 


ic 


Shipbldg. & DD. Co., Madisonville, 3 12 5,000 
Alabama D;D. & Shipbldg. Co,, Pinto. Is 500 
Alabama D,D, & Shipbldg. Co., Mobile, Ala.. 2 3,500 
Pensacola Shipbuilding , Pensacola, Fla..... es 10 9,000 
Tron Works, Ltd., ‘New Orleans, a. jp Tugs 
ree "DISTRICT. NO. lo % 
Universal Shipbuilding Co., Houston Ship Canal, 

McBride &'Law, Naches River,. Beaumont, Tex. 3,500 
Union Bridge & Const. Co, Morgan City, // 3,500 
National Shipbuilding Co., Orange, Tex........ +8 12 4,700 
Lone Star Shipbuilding Co., Beaumont, ‘Tex... 8 18,500 
J. N. McCammon, Beaumont, 2 2° 3,500 
Southern D./D. & Shipbldg. Cos, 3,500 
Bridge Co., Ship Channel, Houston, 

ip eaumont, ex. 

for private owner. $Four for private owners. 


‘ammond Lumber Co., Humboldt: 

ruse & Banks Shipbldg. Co., “North: end, 

Fulton. Shipbuilding. Co., 
Bay Shipbuilding Co shfield, 


P. Chandler, Wilmington, Cal... 
nicia Corp’n, enicia, Cal,..... 
‘olph ilding Corp'n, Humboldt Bay, Cal. 2 3,500 


tia 
Angele $s Shipbuilding & Dry, Dock 


Scathvecacee’ Shipbuilding Co., San Pedro, Cal. 4 10 ~— 8,800 
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| Ships Under D.W. : 
Shipways Contract Tons 

oF 

| 


PAALI 
Shipbuilding and Yard 


Hanlon D. D. & Shipbuilding Co.,-Oakland,. Cal. 3 6 5,350 
5,500 
‘Tron Works ), Alameda, Cal............... 7 4 11,500 
2 11,800 
Rethichem Shipbuilding Corp’n Ltd. (Union 
Iron Works), San Francisco, Cal.......... 
Union Construction Co. 2073 Works), 
tone for private parties, tFive, for, private parties. §Eight naval 
DISTRICT NO. 8-WASHINGTON.» 
WOODEN VESSELS. 
= Corp rp’n, Anacortes, ‘Wash...... 6 16 3,500 
an Shipyard Corp’n, Olympia, Wash Seeeeee. +10 
for private parties, 
Harbor M. S. Corp’n, Harbor, 
& Porter, Willapa Harbor. ‘Wash... 10 3,500 
Grant-Smith-Porter S. Co., Aberdeen, Wash, blind’ 
Meacham & Babcock Shipbuilding Co,, Seattle. 
&  & Hele ez Shipbidg. Corp’n, Seattle, Wash... 3. 4. 3,500 
rar. ‘Co., Tacoma, ont Sain} 
‘tight Shipyards, Tacoma, Wash............. 
Puget Sound Brdg. 4,000 
acific American Bellingh alle oy  8,500 
STEEL VESSELS. sane 
8 
Seattle Construction & Dry Dock Co., Tacoma, _ oe 
‘Seattle Const. & D. D. Co., Seattle, Wash...... 6 2 _ 14,750 
‘Erickson Co. Ine., Seattle, Washe.. 9480 
‘Ames Shipbl ig. & D.D. Co., Seattle, 13. 8,760 
F. Duthie & Co., Seattle, Wash... 58,800 


G. M. Standifer Const. Corp Wash: : 9;500 


10 


Albina Eng: & Mach.’ Wks:, Inc, Portland, Ore?" | 264 


; : Shipways Contract Tons 
t 


te 
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WOODEN VESSELS. 
‘ard Location, 


yoiblindquic 


Under, D.W.. 


Lak & Bey, Wis. 


One 
Chi antsth) 08 3,550 
: 200 

Wyandott, 


gisving 


8 3,550 

BG. SILVIIG IO, OW 3.100 


Great Lakes Eng. Works, Ecorse, ghis gins 
McDougall Duluth Co, Duluth, Minn. . pi 


‘Nptthwest Eng. Wo Works (Hartman Gilli 


Green 


fe 


bboT len ‘710,000 
New York Shipbuilding Corp’n, Camden, Ne $24 6 no 280000 


Wm. Cramp & Sons‘S. & Co. Philadelphia, } 5 


New Jersey: (Shipbuilding Go, Gloucester, N, J... 7% 
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4 
ding and Yard Location. ntract 


Shipbuil 
G. = Standifer Const. Corp., Vancouver, Wash. 
G. M. Ore... 3,500 


Peninsula Shipbuilding-€o.,, d, Oren. 000 
Supple & Ballin, Postlan Or 
Sommarston Shipbldg. Co, C mbia City, | 3,500 
Shipbuilding Co., Astoria, Ore...../..., 4 3,600 
Rodgers & Co., Astoria, Ore.. 4 4 *8,500 
McEachern Astoria, 6 10 3 
Grant Smith Porters S. Co,, St. Johns, ak 8 12 3 
INDEPENDENT OF DISTRICTS. 


FABRICATED STEEL SHIPBUILDING PLANTS. 
Shipbuilding Corp’ we 
Merchants Shipbuilding Corp’n, Bristol, 12 60.7 29,000 


Liberty Shipbuilding Co., Wilmington, N. $3,500~7,500 
Liberty Shipbuilding Co., Brunswick 
San Francisco Shipbldg. "Cos San Francisco if 8 “4,500 

Tota ch were 13, 718,850 
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ved from. Lieutenant-Co eir, the Control of 
fon ircraft Pr Ministry, © 


REPORT ON’ ALUMINUM PI PISTONS yROM 


930 horsepower Benz éfgine, No. 3 ; taken ‘the: Aviatik 
G. 130,-eaptuted on February 12, 1: was found to be fitted ith 
pistons... As_ these. the first pistons to 
pa oom enenty aero engine in service, a detailed report of their design, 

with a.chemical analysis of the alloy, should be of interest. 
~The: s“weigh 4 1b: 8% oz. each, without-rings; -which weigh 1. 02. 
cack e total weight of the complete piston, with rings and gudgeon- pin 
set screw, is 4 Ib. 144 oz., as compared with the standard cast iron piston, 
which weigh 6 Ib. 11% oz. The gudgeon pine and connectin ng rods are of 
standard Benz design, as also is the rest of the engine to which these pis- 
tons were fitted. 
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Fig. 2. OE TAILS OF 230 H.R BENZ STANDARD CAST-IRON PISTON. 
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» The design of the standard cast iron: Benz piston, which is fitted with a 
steel. support, riveted to the, inside of; the piston crown, and. which 
bears upon the center portion of, the gudgeon pin: through.a slot cut in the 
connecting rod small end,.is well known. (Unlike the standard; cast, iron 
piston, the domed head of the sand-cast aluminum: piston jis, supported. and 
_ strengthened iby eight: webs radiating. from; a central-boss; in the piston 

crown. The formation and::shape of the webs.is; flearly shows: in, 
photographs and sectional drawings of the piston, © 

‘Three cast iron rings are | fitted above the gudgeon. pin, and one scraper 
they j is provided below. the gudgeon All rings are concentric. and are 
machine hammered on the inside. It will:be noticed that the rings are, ex- 
ceptionally deep in section, being 5.25 deep: and only.3:mms, wide vertically, 
The piston ring gap measured in position ina. standard 230. he 
was found to: be: exceptionally wide, | 

gudgeon pin bosses are: fitted with steel bushes 2: mms. thick. ‘These 
are cast into'the bosses im the usual way. The gudgeon pins are 38 mms. 
diatheter; and the gudgeon pin bosses are 65)mms, diameter. , ‘The, method 
of fixing the gudgeon pin by a hexagon headed set screw.and split pin is 
standard ‘Benz practice.’ An annular: semi-circular -groove (4.5. radius is 
machined on'the bottom lip of the piston, as-shown iin the section drawing, 
Fig. 1, and the inside ofthe skirt:is machinedi inside’ up as: far ‘as the 
reinforcing: rib of 'thé scraper-ring directly: below the gudgeon pin. |. 

Further: details of the design of! these aluminum-pistohs are; ‘ebown in 
the illustrations; and the chemical composition of the a 
gical analysis carried out:at'R.A.E., is as follows: Fe 


the engine these pistons were: taken, w 
badly, damaged to carry, out a-test, it has been: impossib to papectcslig t 
inereased , relative, efficiency between this. ¢ engine and the standard, 230. hp. 
Benz. .The compression, ratio, however, is apparently slightly, higher in 
the engines fitted with, the aluminum pistons, and as, will. be seen in the, de- 
tailed drawing, of the cast-iron Benz, piston,,which given in Fig; 2 for 
reference, the. distance. between the top of the piston, and. the; central axis 
of the gudgeon pin. is increased from. 70.mms. to.71 mms,, which, gives 
in engines fitted with ;these aluminum pistons, w 
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SOME OUTSTANDING PROBLEMS IN ABRONAUTICS* 


By Dn! Durano. A bak 
world’s histo , and what it this, knows moll 


ye wie er ee in the Central Hall, Westminster, on Tuesday, June 25 
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The Problem of’ intheve to'be 
a better illustration of the interdependence of technical and scientific 
research’ and stady’than in the manifold advances in various technical: and 
sciéntifie’ lines ‘which conjoimtly have: ‘made the’ aeroplane ‘in: 
form Structural possibility!“ te 

‘The structural problem of: the aeroplane is one’ of in) 
to weight: For the main elements comprising the: skeleton of! the struc- 
ture, wood has, thus far, held ‘the ' main: place, with metal: construction 
steadily attracting more’and-more interest and assuming a place of grow- 
ing importance, at least in ‘the study of new: designs. (We! maybe well 
assured that however good may ‘be’ any solution which we may reach of the 
mafiy' problems presented to us in the industrial arts; there are,:as'a matter 
Of fact; series’ of ‘better ones’‘only' awaiting»our: patient study. This: {is 
indeed a fundamental which we should never: lose: ‘sight.:: We 
may be, for the ‘moment; ‘satisfied with our ‘solution: of problem! in 
technical industry ;'we may be able to see nothing better, and yet we may 
be well assured’ that,'as a'simple matter fact, 'there:is something hettes, 
This is ai perfectly: safe assertion, if:only as based on the law'of proba- 
bility of our having, at any ‘given time, reached the final optimum | possible 
combitiation ‘capable ‘of ‘furnishing a: solution of the: problem: Thus,):as 
applied to' the problem’ of constructing’ the framework of the fuselage of 
an aeroplane, or of combining together wing spars and ribs iri such manner 
as to’ forma wing ‘skeleton; ‘we may be sure, however good our present 
practice may be and however ‘satisfactory ‘it may! seem, that in reality’ it is 
not the best and that long seriés of better solutions: only await our intelli- 
gent and patient study. 

It certainly stands before us as a problem for the near future to pass in 
review most thoroughly the entire range of constructive materials, metallic 
as well as wood, and to determine, in. the light of the experience which 
we are so rapidly accumulating. during these days of storm and’stress in 
military aeronautics, the combinations of. materials. which pe serve to 
give the most efficient service.on the minimum of weight:»/This stands 
out as one of the great problems. of aeronautic engineering, that of the 
best materials and of their best use. Much. has already: -been! done, but 
much yet remains, and rich rewards most assuredly. await Patient and 

well directed work in this ‘field.’ 

Problem of Size One’ ‘the. interesting of the: problems 
esented to the aeronatitic’ engineer is'that ‘of the’ limiting size and 
Wi capacity of’ aeroplanes. Is thete’’such’ a limit? If wi at 
y is it?" And how may it be'removed  or'extended?  “ 

In dealing with this problem we come, necéssity, into lid 
the laws’ of ‘similitude “of ‘geometrically similar’ structures. 'I¢ is” “well 
known that. under simple tiddes' ‘foading, geometrically “similar struc- 

tures of wing ‘and fuselage’ will have ‘similar factors ‘of ‘safety “under 
equal ‘init loads: But ‘for stich’ structures; if strictly similar ‘geometrically, 
the weights themselves ‘williherease as the’ citbes of the similar! dimensions, 
while the areas of wing or supporting surface will only increase as the 
—e au hence the ratio of weight to area will yen increase as - 

e linear mension. HY 

Were we indeed without 1 ‘to of Anis law 
of mechanics and geometry we. should bein a sorry state regarding the 
West development of the aeroplane as regards size and carrying capacity. 

should be limited strictly within 'the bounds of the ‘developments! made 
possible by improvements and advances. « But fortunately for the future of 
aerial navigation, we are not so limited and. there seems ‘no’ reason why, 


at the time at, we, should need, to anticipate any especial, limit 


. 
4 
. 


“to consequences of: this: law’ due. to two 


tot! a! large’ ‘element iofiain aeroplane,-a: wing in 
particular, geometrically ‘similar in ‘structural: characteristics to 
a small ‘one: f certain size’ the’ struttural! elements will:/partake. of 
certain the over-all size increases, these! elenients: may 
take on new characteristics: Those’ which had: been solid: may) now ‘become 
hollow or of lattice or built up form. The law of:geometricakisimilitude 
will ‘not’ ‘and’ the weight will not’ increase with: the 
‘cube of ‘the over-all linear Mimensions. od) to bes 
is’ ‘fio means ‘necessary’ that: ‘a large’ aeroplane’ shalt be: its 
'geotnettical copy of small one.’ While ‘both: will have 

uch elements. neéd'not be the/same im number ior: 
ment. In fact, one of the most obvious of means for increasing lifting 
power’ is to increase the number'of the wings ordifting elements.:' There, isi no 
reason, at least’ ‘stracturally, ' why witigs and connecting: elements should 
not be inicréased in‘ number beyond anything now im use‘or: even considered 
increased a point? which would’ ‘give‘a: size and lifting: power great 
enough to demands which: now formulate the 
‘future semis’ ‘likely to'present/o 

‘Structurally, therefore,’ the’ “problem of increased ‘size presents. three 

problems; as as follows : e332 riallisds .amslderg 

1, The structural problem so developing the character of 
‘of ‘aeroplane: cOristruction, such ‘as wing: spars; longeroris, | ‘struts, ribs; etc., 
that with increase in'over-all dimension’ the weiglit shall: mot: increase 
‘sibly faster than ‘as the squate/of such “dimension, 

The ‘structural problem Of eombining the larger 
‘construction such’ as’ Wings, ‘fuselages; or iengine nacelles: with ‘their con- 
necting structures, ‘in such ‘manner as to’ secure,’ for a wing! areay’ 
‘minimum ‘weight of ‘secondary structure: 

8. The aerodynamic problem of ‘combining: wing in 
such manher' as to reduce to'a’minimum the interference! of one: with /an- 
other, ‘This’ is ‘a’ problem: which» opens fascinating: possibilites the 
‘student ‘of ‘experimental aerodynamics—ai problem on which already some 
‘beginnings’ have’ been ‘tiade,' but’ one far froma’ final of as yet wholly 
‘satisfactory sohition, and one on which’the future development’ of greatly 
‘increased size and carrying capacity’: seems destined latgély to depend. » 

‘short, then) so far ‘as ‘increase’ in size’ is: concerned, ‘there seems’ 
‘peat ‘to apprehend ‘any any: serious: difficalty'om the 
patt of the scientist: and) the ‘engineer in» meeting demands: of the 
future’ in’ these ‘respects. “The difficulties seer’ no! greater than ‘those> which 
‘have been overcome in the case‘Ofocean shipping’as' shown ‘by the contin- 
‘uous development from the early beginning of the application of ‘engine 
power to ocean navigation fist “half ‘of the last century down 

to’ mammoth floating structures’ ofthe: present times” and! if/ we» may 

‘tube ‘any indication from: the’ accelerated rate. of “progress! which’ has 
‘characterized the eritire history of aerial navigation, we may feel confident 
that we shall not have to wait a’ half ‘or three-quarters: of a century’ tor: a 
‘paralleb development im ‘the fatter foot 

bVeriable Wing or Variable Wing: : mention: 
of! the many’ remaining problems’ which’ are ‘connected with: the design’ and 
‘construction of the ‘aeroplane’ itself, a word may be 'said with regard’to the 
‘problem! of ‘vdriable® wing ‘area.’ Broadly ‘speaking, ideal aeroplane 

‘shoald' be able to: change ‘its: Witsg- area accordance? with the’ conditions 

\ 
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ight, For, ease in. getting off, the ground 
moderate speed, for ease in landing “likewise at a moderate. or 1om 
there is need/of a relatively large area of wing, or. supporting suriace 

the attainment of high speed, reduced wing areas are needed, cea are 
furthermore sufficient the support.of weight at such high speeds. 
‘The supporting! force gained by a given form of,aeroplane wing depends on 
the area, the speed and the angle of attack, and there will be some com- 
bination best for éach set of conditions, . To, meet these conditions, yarying 
from time to time ‘throughout the, course of 2 a flight, a. varia- 
tion’ im wing area is needed, 

some extent the same ends. may met. by changing 
and form of the fore and-aft section of the; us, when 
the:camber' of fore ‘and, aft curvature! is increased, the, form will more 
‘suitable, for landing at .a.reduced .speed, while with. curye flatten 
Seay the form will mpre readily favor, the; attainment 
“The ‘problem : of, ‘an: adjustable, wing, either. as, to extent, ot area, or 
icainlier or both, is:a ‘favorite one with students of aeronautics, and we 
hope ‘for some measure of useful and practical us far, of the 
many devices,and forms proposed, none has so far fully justified itself as 
an altogether satisfactory and practical solution of the problem. 

Motive Power—Passing now to the motive power and jits, application 
to the propulsion of the. aeroplane, a most, interesting and. important, series 
of challenges our attention. Only the more can be 
not 

of the. moet! iniportant-of is that of is to 
‘be the future fuel for the aeroplane, or, for. aerial navigation in its wider 
aspects? How long will,our: stores| of crude petroleum oil from which 
‘we now. obtain.,our petrol: or essence or gasoline, as it is variously termed, 
continue ‘to ‘furnish, this all-important. element. in the present program. 
power development? Doubtless there are large stores of, petr 
yet undiscovered, but we may safely assume that we are welts up.a. me gna 
an the nature.of bank 

«With d.to the question of fuels, we. need not go so far afield as to 
look into tothe coming. decades for interesting and important problems. Per- 
haps the one most, pressing for present. solution is the question of what is 
the best, fuel for the modern aviation, engine; having. in, view the. three 
equirements--power, economy, with reliability and durability, Out of 
the exigencies of the present: war have come many) Serious and extended 
‘tesearches relating ‘to, the problems of, military aviation, and;of these mone 
is: perhaps: of!,greater. significance, regarding the, future, of, -commercial 
aviation than the. studies which haye been made regarding aviation, fuels. 
matters relating, to: the..problems;\of military aeronauties, must) he 
f with much. reserve, it will, perhaps be permissible to say. before 
ience that, from’ these. studies three principal results. seem to have 
gorse definitely established. These, are;— 

between the; various grades of :ayiation, motor fuels which have 
used during recent years, and comprising a rather, wide range of com-' 
‘position and of; physical and, technical characteristics, there, is but. little 
‘to choose from the standpoint, of power! or economy, alone, This assumes, 
of course, that the fuel is a genuine: motor, fuel! and the results regarding 
power, or,economy, felate to.an) asstimied period of effective, operation, under 


‘such. fuel, It; must not, however, be assumed that there .are. no, differences 


power or. economy traceable to the fuel employed, for such. is; far; from 
being the case. Iti is, however, within the limits.of reasonable statement :to 
say that such differences are relatively, small and under, most circumstances 
would not, of themselves, constitute a or 


i? 
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iis ssich motor fuels marked differences do seem .to be indi- 
cated as) regards ‘their /influenceon. the life and reliability ,of motor, 
especially'on: long time tests of in actual service on long time flights, igh 
regards power, economy, or life an ty, an vi cat- 
burettor adjustments are necessary, and such as can only be determined 
by: trial! under’ actual: working ‘conditions; 

Tt: may perhaps be farther said that the. of an excellent and 
reliable: motor fuel for aviation purposes seems. to have. been, satisfactorily 
solved.:: Its: specifications! and range of characteristics, physical and chem- 
ical, ave. pretty, well established, and so long. as our source of motor fuel 

supply: is to:-be found. in petroleum, derivatives, we to, have. 

a reasonably satisfactory determination of the best; combina’ 
derivatives for the ‘various requirements of, aviation service, 

teristics, which must, be considered as a part, of the great tes ot flay 
information and which cannot: forthe moment be put down, i ot 
for development of commercial ; aviation, ‘in... 


related. Is: the present type of engine to contin 
stage on the way to.some more perfect form? is is a question, int 

ing indeed for speculation, but hardly to be considered in, comparison wi 
actual present moment problems. The present, engine and its application to 
the, propulsion. of the aeroplane) does, rthermore,, present no lack of. in- 
teresting and important problems, . and among these a few of ie more 
pressing may here. be: noted. 

_ First, the problem of gross power... How. much power can, we in. an 
aeroplane or airship of no matter what type or form? This divides, imme- 
into: three subsidiary. problems, as follows: 
low much power, from a single cylinder?. 

2, How many cylinders, for a single engme?,_- 
How many engines. for-a single airship?. 

the way ad power per we. are now reching clot about 
hp. as maximum. 

In the way. of. cylinders per engine we have ‘reached a stage of, develop- 
ment where the,12-cylinder engine. is: quite. a, standard and higher 
numbers such as 16 and.18 represent only questions of d It is not too 
much; to. say. that: the 600 h.p. engine is quite within the reach of present 

Practice. and may realized as called We haye long since. become 

ngines in various recent designs. It is therefore clear that if a 

of 2,500 h.p,.on a.single structure is, wanted, it.is quite, within 
present practice to realize and provide such a plant. 
four,engines of 500, h.p,.or 600 h.p..each, there is no reason.why 

rent ei’ Or power on a single structure. , 
other hand, it must. be, admitted that, having. in the Jimita- 
tions, are present practice, the most simple faet, the, 
9 extending, power is by a of the, number, of, cylinders 
the fatter, fact, that 2,000 h.p. 


EE ware from, 40. to, 60: cylinders. shows, the 
‘Tes 


of, small, elements| required. to, realize 
or, of engine js, therefore 


het way 
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"The présént limitation’ arises ‘largely as:a matter ‘of: cooling and/ it (is) in 
this direction that search may well be made for ways'and means: of effect- 
ively increasing the power a‘single cylinder: in:an ‘engine of the 
aviation ‘type.’ ‘This isa’ problem ‘which is ‘distinctly outstanding and: well 
worth’ our sefious ‘attention and’ study.) 
The Carburettor—Anotiier problem connected with the engine :is:that: of 
the carburettor. At the start of aeronautic' ‘engineering the carburettor 
naturally took ‘its initial form and “arrangement from’ the ‘already: fairly 
well developed’ automobile engine carburettor. ‘This was ‘but ‘natural’ since 
engines’ are of the ‘sate both’use the: same general! fotm of 
réspect'of the conditions of* there: 
market and inhiportant differetice. "The automobile: operates ‘at or: néar:a 
fixed level'and hence in‘an atmospheric medium of sensibly: fixed: pressure 
and’ ‘density. With’ the ‘aeroplane’ thé’ case'is very different. The’ latter 
may charige its level by thousands of feet ira’ few minutes'or even seconds; 
as' in vertical or’ nearly: vertical dives, ‘rapid spirals, etc ‘This difference 
in’ the’ conditions ‘of Operation’ introduces a° factor’ of distinct significance 
and ‘of great importancé’ inthe design and’ disposition’ ‘of ithe ‘carburettor. 
Experience in the air has clearly shown the importance of this new factor; 
is not' too. much to say’ that the problem’ the entirely satisfactory 
carburettor, capable of atitomatically answering to the various atmospheric 
conditions’ ander which it must work, is’ distinctly an outstanding’ problem. 
It is ‘that much progress has bee made,’ and as the result of labora- 
tory tesearch, checked’ by’ acttial experience’ in’ the ‘air; weonow know much 
better than, ‘say,’ two’ years’ ‘ago; ' the. fundatnerital ‘conditions ‘which’ ‘must 
be met’ by the ‘carburettor for the aeronautic engine) ‘The’ present solution 
can hardly be considered as final, however, and we! may fairly admit that 
the ‘whole problem: of’ carburation, inéluding: the: manifold ‘supply. of the 
carburetted mixture to. a multi-cylinder’ efigine,' should, ‘as: soon as! may’ be, 
receive a thorough and: fundamental re-study' in the light of the informa- 
tion to be drawn from the experience of the past three or four years; - 
Ignition—Another problem which we should’ view as ‘outstanding is that 
of ignition. It is true that ignition, as now realized’ with the best equip- 
ment, seems to be fairly reliable and effective. But the! whole progtatn is 
open to the objection of requiring an entire electric’ power’ plant of! a 


redirect atid ‘simple ‘mode’ of initiating the 
would’ have been found: Still,” otherwise,’ we may’ 


4 
highly specialized type, together with ‘electric conductors and ‘the spark 
: plug for producing the ‘spark ‘between’ the discharge points within the 
o cylinder, This ensemble, comprising electric generator or magneto, electric 
ai cable; distributor for sending the spark with proper timing to the variots 
cylinders and spark plug with discharge’ points within the’ cylinder, ‘repre: 
sents’ avery ‘complicated and highly specialized device ‘for producing the 
eo ‘ initial ignition within the’ body of compressed fuel mixture, In its present : 
marvel-of scientific ‘and techtiical development, and’ ‘it ‘does’ its 
work; but it isi complicated ‘and ‘subject’ to’ ‘many’ possible modes of de- 
rangement; and, as all know, has beert.and is still ‘the’ seat of of 
the most’ serious of' the engine difficulties‘to which the power platit'as a 
have’ never been able to! persuade myself that: this exceedingly ‘dom- 
plicated and specialized auxiliary equipment’ was ‘to’ be the final’ Solution ‘of 
the problem of producitig ignition in anititérnal ‘combustion ‘engine! Tf ae 
4 can ‘afiticipate ‘the’ ‘explosion ‘engine’ the Year 1968, assuining’ that 'c 1 
grandchildren’ ate ‘still’ depetidetit’ on at ‘that date (arid 
‘furthermore that they “are ‘still available): “it wo seem: a8’ th Some 
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probability, chances. are overwhelmingly. against; us, having at the 
present moment developed the. very. best method, of, ignition.. The, laws 
of physics and chemistty,;by: a probability, which |almost. reaches, certainty, 
contain some potential combination of; factors, which (will permit, of ‘elimi- 
rof:the complexity and delicacy::of, which .is so 
characteristic a feature: of the, present -mode;;;;) wisy be 
perhaps proper to: add: here that: studies in, “this ‘direction. have 
already been’ made, and: with) results .which. offer|;promise interesting 
dévelopments: inthe future; -The:path of iperfection is) likely ta; be: not.a 
short one; ‘however, and we tan sée)no! prospect of any: development;in the 
tomorrow "of :progress likely; to displace -electri¢ ,ignition.». There must, 
however,be some bettér:way, :and if mot temactows: then some other: 
row should ‘see it made ‘available for use. | ta tet joe} 
ignition:is then one 4 18: distinctly one 
which*by its importance merits ithe most! careful, study, and ‘one which; at 
least offers rédsonable: ground':for: hope: ofta: successful and »reltdively. 
simple substitute! for the present! mode. of) 
Maintenance Power at: come how toa problem:of the 
very highest present and: future: importance, ithatvof 
of the engine at ‘high 
he: ‘situation’ as’ it develops: in of: an mountiig ito 
higher and higher ‘levels ‘in the: weadily, | ‘al 
power of ‘the: the conibustion: of vaporized ihydros 
carbon fuel. The power per ‘cycle for’ a ‘given’ cylitider will therefore, to.a 
first approximation and assuming a'‘sensibly constant: efficiency: of | ‘thers 
can rned ‘!per But ithis: in’ r 
conditioned ofc oxygen ‘which ‘canbe drawn’ into 
per intake stroke of the cycle. | the oxygen ‘is: ng 
constituents ‘of: the ‘atmosphere and: hence ‘the’ amount of oxygen ‘available _ 
per intake stroke will depend upon and be directly proportioned tothe 
amount’ of air which can be’ drawn: in.>But’ in terms of volume, just 2 
cylinder 'full;or,' more exactly, just the: volume: represented: by the piston 
displacement! in ‘moving from: one ‘erid ‘stroke ‘to: the! other, can ‘be 
brought ‘in. Hence) we! may ‘at least’ depend : ‘on what we may term a 
cylinder! volume of air no’ matter ‘whete we’are. But just here arises: the 
trouble: The: actual weight of air depends ‘conjointly' on the» volume and 
on the dénsity;’and unfortunately’ for tle aeronautic éngine, ‘at least; the 
density of ‘the atmosphere ‘decreases steadily’! with» altitude, so.:that: dt 
15,000 feet, for example; the density is only about 60 per cent of the normal 
density at’ the earth’s surface. It sis clear then that an acronautic 
‘equal; will draw’ in, per intake ‘sttoke,; only about 60: pér : 
“air ‘at’ this ‘altitude compared: ‘with the imuraft at the 
surface. “Hence, it will be able-to- burn only 60 per cent of the fuel 
and with equal ‘will develop’ 60 per cent of the ‘powe 
wire as'to the effect of 


altitude ‘Of of! ‘the! 15,000 ‘werd 
ttience only’ 60 percent of the resistance/and would hence: require 
requ 60:'per'cent ipower from’ the: engine): it 
appears at first sight as: though: we'had fost ‘nothing in’ speed’ bythe redac« 


_ power on the speed of the aeroplane. We know: that, other 
things: equal; the resistance: of’ atv‘ aeroplane to 'ptopulsion: through: the air 

: at uniform speed varies directly with the density of the medium. _Hend 
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of the power: of the’ “engine! Tf the ‘latter has’ been reduced: to: 60 per 
cent of ‘its amount at low levels, so‘has the resistance. and’ ‘power, 
so that the speed realized should remain the same.’ 

Such: would, indeed, be the case if this were all of the: 
ftinately; other considerations enter and the simple relation of:uniform 
at varying altitudes cannot, ‘as ‘a matter ‘of fact, be ‘realized: without 

Thus; if at'a constant speed and constant angle of 

e ‘wings, the ‘resistance to’ propulsion is only: 60 per cent as 
great at'the altitude of 15,000 feet as: on the ground, it ‘1s, unfortunately, 
the for the force dy: wings. This also is 
60''per ‘cent! as. great; while the »weight of the 
constant at all altitudes, long enough to geaep. clearly: this 
fact, that while, at constant speed and attitude of flight, the resistance, the 
lift and ail other aerodynamic forces involved vary directly with the density 
of the'air, and hence decrease with the altitude, the weight of the machine, 
and ‘hence the lift: necessary for support, :remain| ‘sensibly 
Hence, at the same altitude of flight the lifting force! at altitude and under 
the same speed will no longer: support \the plane, and unless something is 
done, it: would ‘be unable to: maintain /horizontal: fight such altitude: 

Two courses are then open for consideration,; a8: follows; 3... 

We may seek to. increase the speed value! the 
lift ‘will equal the weight: of the plane. Under the conditions, assumed, this 
would involve an increase of speed of about 30 per cent, thus: increasing 
the resistance to propulsion’ by nearly:70 ‘pes: cent or, bringing it back to 
value at low. altitude:.| But this resistance, overcome at the iticreased, speed 
would imean: an ‘‘increase:in the) required horse-power of::30.per: cent, as 
compared with that normally developed at low level, while with the actual 
indtaft of,air and,even allowing for ithe increased, speed, 78, per 
cent this, or '60/pet, cent: of ‘the needful. amount, would ‘be | developed. 
Hence, no such. speed could be. realized, and the support of the unvarying 


sought dtherwise.:: 
Q2Tnstead! of for; lift by. speed 


seek it by changing the angle of attack; by changing the flyin ania 3 
the plane ‘so that: atthe same spéed,' for example; the lifting: force will, be 

greatly: increased. manner) the:needful lifting force | may indeed be 
realized... But ‘unfortunately: swith the! increase: in:;lifting. foree. will, come 
also am inerease in) head: resistance, not definite 
in¢rease,' This::will mean that the -actual, resistance at; say, -45,000. feet 
elevation, willbe: greater, than, 60-per.-cent,of that:,at, Jow -elevation,'.and 
hence with 60 pes.cent of the power available pet cycle, the original num- 
of-revolutions:cannot be;maintained and will result. 
With -this reduction in speed: will come.a further lifting. effect. and 
need; for aifurther change inthe angle of attack: with’ increased. head :re- 
sistance:; ‘until, att; reduced ; speed, condition wills:be found 


propeller.: Under these conditions, horizontal flight again becomes possible, 
but at: aispeed: somewhat. ithat:. altitude: com, 
But this is not/all of the In addition: we must reckon om a disin- 

ished efficiency of engine with decreased -power,:and ‘with -the probability 
of: loss im propeller efficiency, with the resultant: in speed: 

is: primarily, designed to workat jits; best efficiency 
its best conditions. at or near full.atmospheric pressure and. it! will 


not work equally good) efficiency: a air, and 


| | 

ib 

i 

resistance to propulsion can be met by: the;thrust or. pull, develope the 


NOTES: 
when’ developing only about’ one-half the power for which ‘it is 


~All of this‘ brief,” ‘then, that at ‘an ‘altitude ‘of, iy, 28,0004 
the plate ‘must fly’ at's ‘less advantageous angle of of ‘attack and hence 


i 


60 per cent, and hence, insufficient to maintain thesame sone pene 
speed’ there’ may be further loss ‘of -efficiency: in 
and @ er eed of speed until finally matters become — 
sponiling to low-level conditions.’ | maldor 
Hetice, ‘as an overall practical aeroplane ‘normally tis 
in 


ils 


zontal’ speed as’ it/ascetids to higher altitades.: Confronted: with 
- mental fact, what i is to be done? Such loss of yee. rae 


The obvious ae solution is to avoid, so far as may be, toe 
n 


in the amount of ‘air handled’ per-iritake' stroke of the piston ias the plane 
ascends to ‘higher and higher altitudes. Broadly; two ‘courses’ are»open: 

First, ‘we may definitely and franidy design the plane’and engine for a) cer- 
tain’ desi formance ata given altitude, say’15,000 feet to, 20,000. feet. 

This rwatd ‘problem in atronauti¢’ engineering. Given the 
desired dule: of! the ‘altitude, we “catr: determine; the re« 


he hotse-power required; and can design the 
In ack! case ‘the ‘volume! of’ the? cylinders “will be 
ed’ in which the engine*is ‘to: work, and all: propor: 
details will’ be “worked ‘otit ‘off’ this basis: 
“Te will be’ obviotis that such an will large'a piston 
splacement volume? when ‘at! tow altitude: Thatsis/'it will’ te over size 

a rélative to’ the plarié. “In ‘fact, Operatidn ‘near ‘or‘on the 
the ‘same! adjustments ‘as vat ‘altitade would’ be quite ‘out of 


iid or at low altitudes, substantially: the operating: conditions’ at 
adés and air be the: ‘conditions’ for which: the 
Wiis may: be conveniently done: b: trotting 
wnt the ‘air ‘intake $0 that! while ‘air ‘at’ or near fall’ sea-level density may 
the engine, ‘it’ will be reduce? in pressure at'the intake throtdeto 
ch ‘the’ ‘aitjount' actually ‘taken ‘into: the ‘cylinder: will only 
which normitlly enter, without throttling ‘at high altitude: 
‘the’ other’ hand, may definitely design’ the engine for’ operation’ at 
oF and and’ of cylinders and all proportions and adjust- 
yi and: then by device 


t6 “tain or ‘nearly ‘maintain ‘such ‘conditions ' within ‘the engine 
is at high’ altitude and’ by ait’ of a! lower density. 
is some supplementary’ fotm of compressor or equiva- 
whi h shalt operdte on the ‘ratefled ‘sit’ firet stage and ‘raise 
the Tow “pressure, re} characteristic: the ‘Up toror nearly to 
altitude pressure and dens wer bas 
these ‘Yepreserits' possible solution: ‘Each 


and Each tas its advocates: asa 
ofthis rst solution is the 'simplerof the 


two, ‘since ite invol special’ dr ‘ai 


moOre a fal ce, 4 
cent’ as mitch’ 
than’ when at low 
| 


636 NOTES, 


easy to realize satisfactorily, and it also involves extra Yee 
sumably’ Jess thaniin the of the fitst solution.. Again, its operation as a 
separate:or indepéndent ‘unit for realizing: a, preliminary. compression of the 
air: is less efficient than’ to: do the whole compression. m the engine.i 

by: theoéngine piston asi in the first:,solution: on th and car 
trial will ‘be: able: to. decide 4s. on, the tl 


vo'The reserve necessary. with “regard to, military. matters 


other sharid, the ssing device of, the secon 


tonattempt to:give any a¢count-on this, occasion.of just where, 


stands with regard-to this; problem, but will at, least be safe to 
itisa problem which is attracting much attention, and study,on th 
the ‘various allied: governments, and that .much, valuable 
being, and:on: we: hope, that some. sion 
may) 
Att serew>—We> shalk for, ‘afew; imoments 
one of; thé: most: hence .one of, the,.most ; 
many problems presented to us; the. that, of the ai 

function of, the airscrew. is. ‘of, course, take. t ok; oie 
engine-and:to: transform it, into a propulsive, thrust;,,or o 
the» power -giyen bythe the and., transform ‘ats 
driving or: propulsive power. for, the; aeroplane. The, ‘problem i is. 
complicated hy: the fact, that, expressed i in, terms ‘of. poster, relation, it is 
not sitnply'the, question.of an engine handing so.m the 
aitscrew» forthe latter: to) transform, into peda ‘power the 
powér which: the engine itself ican develop. is. dependent, on: ie 
and) likewise.on the aeroplane.tewhich they,are both attached, We hay: 
here, in consequence, a series of complicated implicit relations, from whi hich 
propulsive characteristics of the. plane-propeller-engine combination 
take their origin, Infact, it must never, fora moment, be forgotten that 
the moving: aeroplane. is in effect an .aeroplane-motor-propeller, combina- 
tion that sno}; one, of, three can) be. ithe 
other 

Withoat, entering: into any. detailed discuss sis, problem, it, will 
clear ‘that: the: airscrew, will exercise a te 
which the engine can develop. us, it is, an_aeronautic en- 
gine, in order to ‘develop’ power,, be to its. 
revolve its .crankshaft,, in, other words, ake. revolutions; and, o 
things/ equal, the power developed will, “directly the revolutions 
which cam be! realized. Again, it easy.,to. see.that the size and amount. o 
surface.of the airscrew blades will presenta regarding 
the revolutions which, can. be realized. . Thus, the airscrew, enor- 
mously ever, size, too, large in and. presenting a la un- 
wieldy surface! tothe air... Suppose this. to be the. case, with a. of size 
suited tothe airserew, engine, at as, the fi too 
small for either airscrew or. such case the engine, simp! 
beiable:to make its ‘normal number of At; will be hel by 
the excessive resistance: to rotation; presented 
and may thus develop far less than, the no i power w At is 
under proper conditions..,; Many. other, ination oscur 
cannot, stop;to discuss or. even mention. 
the engine, and the.airscrew, as, the propelling -form a ‘most, closely 
on: the operation o other, two, 


"Saale 


+" 
if 
} 
4 
iy 
i 
e 


therefore tiecessdry, to xegarding,-both the: plane and; 
engine. If these conditions, as assumed, are.then neatized in. practice ene 
_the design has» been: well» carried: out, the anticipated, results: may 
onthe ‘other: hand; the assumed! conditions ate! not; realiaed 
regards the plane and the engine, then no matter how well thedesign. of the 
aitscrew :may:' have: -the anticipated results. will. not’ ‘be 
tealized.::: Henge, no! matter show, good. .thée airscrew.\may -be. by,itself, no 
matter how carefully designed.and. constructed;_no. matter. how ully: 
it;anay able:toorealize the conditions: for, which it is designed;, if, these 
are not the conditions under which it is actually placed for service;, the, re- 
otherwise, will) be: unsatisfactory; nat nécessarily: /by 
reason}ef: any:fault.in: the: airserew sueh, but simply..to its, lack-of 
adaptation: to the.conditions of operation, Am effective airserew is there; 
fore not only one which is:propetly. designed itself, but, 
also:ione which is permitted the conditions; intended. and 
contemplated: im the, design,; TROIS TO vd hositt 
Al this:is,' of couse; 'well: andiif ‘taken, the time: to: repeat 
these: well-known. facts, it .is, the more; clearly to, bring our, minds, at, the 
preserit moment the fact thatthe airscrew-represents not.only a problem 


in-itself, -but-also one to: usage withthe espe 
bination. of plane. f prime; moyer: LIST 94. 
general, the .airscrew.is by..m0, means, ‘to 


classed, ‘as; outstanding, amount 
work bas,beem done on: it, beth theoretically. and experimentally, and. in 
main features: if has! been brought fairly,within, the limits, of:.a solved 
problemi: These:have:been three modes of approach, briefly, efly, as follows: 
The ianalysis,: geometrically, of the: blade of. an, into. a.series 
of: elements,,cccupying: a nefrow istrip running: ac 
leading to following edge and making up, (by. their; the blade 
asia: wholez;;\Each of:ithese. elements!,or:strips..is then, considered. as, 
effect, a/ little:elementary, aerofoil. for: which: the’ usual .aerod 
determined, either. by direct experiment,.on 
model, or by selection or interpolation. from among. the large amount 
of, available:.data. regarding such -aerofoils, which ‘already sub- 
mitted to experimental investigation. .With such, data m hand; relating to 
the series; of elements: going to. make up the blade, is mater of simple 
computation to:combine theas tepresent action 
ofthe blade ‘as whole, ander the conditions, assumed, and thus’ im general 
2. A law of similitude small; model, pro: peller. js tested 
out experimentally: and’ under: conditions,.which: permit, ander. pele. of 
simtilitude: assumed, the; translation. of ithe observed: sesults, forthe. model 
into the probable results.for, the full-sized airscrew./ 
Fullesiged airacrews are tested: out: as, :nearly, as! segs bes be-ander, fying 
conditions, and | are; made the ultimate. basis. of. design. ath 
ob The of method No; ;1,arise from: the, ‘allowing. tal 
The: coefficients; derived. for, aerofoils co 
motion; the. the: foil, in., airscrew, 


ich | 
square: of},the may. to such, Walues «is; | yet 


“(c) The coefficients used are derived for the various aerofoil 


usually for speeds not exceeding 60 or 70 per 
the: actual, speeds. of: the .tip elements; of |:airscrew; blades may,.move! at 


No: 2° (that with reduce the limitation thet the 

rd of similitude employed is, of necessity, not ‘exact’ but approximate; and 

the degree of reliatice which cam be placed’on results thus found can again 
con itions: 

Method. No. with’ full-sized’ forms’ under actual ‘lying condi- 
tions) has the Jimitation of very high cost, both 'in equipment and: time, 
and ‘as “a ‘result’ of which’ only relatively: 
actually’be: ‘subjected to adequate test in this‘ manner. it 

Again, ‘method No: (thiat-bf comepatation coellicients: detet» 
pencil: and pad of paper with 4 table of predetermined 
(that® with’ the ‘small smodels) vhas ‘the’ ‘over ‘No.9 oF 
small cost, of permitting the tests to be catried ‘out in a! wind tunnel: 
all’ conditions ‘under: control, “and: finally 'to\-permit of carrying 
through the test program a very large “number of types ‘and ‘forms; 
should perhaps be‘ stated here that’ as’ between methods'No/ t-and No) 2, 
the latter'is accepted as much the more reliable of the two! “It fact, it is 
not ‘too ‘much to ‘say’ that when used with judgment it furnishes: very 
satisfactory® and’ ‘universally accepted ‘method! for - dealing 
laboratory ‘way with most'problems of airserew design and operation: 
have tarried ‘so’ tong over’ thése phases‘ of the pro air- 
screw -propellér,’ present ‘methods ' of ‘design, “etc; it: is ’ ‘inorder ito’ bring 
into clearer'relief the parts of thei problem which are not yet well in hand— 
the parts ‘which are? ‘as yet and our’ 


the pencil 
mdterial :for the>sola- 
tion of the of airscrew ‘chat: owe ard: ‘pemntitted; of 
, a definite: set of tive conditions! io wel AS 
‘if we could: know’ more aecdrately and! more! widely’ the: char 
acter'and amount ofverror to ‘be antici air the’ use’ of 
according to method No/°2;4vé should 'be position to’ use the “exper 
mented model method: with’ better sisvarante of definiteand reliable résults 
for the full-size screw later! to’ It seems: likely’ that ‘this 
final correlation of’ computation’ ‘with “ultimate result ‘may best be ‘made 
in’ twoostages:’ The first ‘should contprise study’ nay of the Felation 
between the restilts derived bythe! computation ‘of method No: ‘and’ the 
model test of method No, 2. Such a correlation! would’ 
front ‘the? by tothe probable results by 
iests' to! determine with’ sufficient’ generality of application’ thé character 
and amotnht’ of ‘correction to beapplied’to ‘the resultscof modél test“ in 
satisfactorily to eproduce the results to be expected. froin’ -sized 


ements individually, whereus, in: the ‘actual airscrew, they all act! con- 
tion ‘of method 1 cannot therefore be mad fat 
| 
cofrelation between the results “of 'the ‘computation according to method 


ponding to’ each model. If 80, ‘there! w 
aking model tests. The whole as’ well ie 
directly by tests on full-sized forms.” It appears reasonable ‘to’ expect, ' x howe 
that a and not tod’ numerous séries ‘of! properly 
the various Characteristics of form 


cients and 
of detailed’ int! ormation 


in to the sic 


is still as ‘we “have: seen, ties primar 

n contin ex especi: ‘on’ syst 
atically' ‘selected’ forms, ‘both’ model and ‘full: size; ‘atid such ‘continuing 
go fart ‘work combined with ‘carefully ’ directed’ studies: of correlation 
go fat toward givitig us an‘assured and adequate’ basis for the' practical 


gards its lift and its net resistance to propulsion." ‘This is remperencrts is 
largely otitstanding: ‘must’ be attacked chiefly” by the: experi 
method—by model with results checked tip ‘by comparison with=falles 
trials so far as practicable. Time forbids more than the mention ‘of’ 
promising and largely uncultivated field of atrodynamic investigation. 
Multiple Airscrews on One Shaft.—Of ‘Closely ‘related ‘nature 
problem of the interactidn’ of two’'dr ‘more’ airscrews. on’ one’ shaft. 
is a which is of connection’ with'' 
as iit power “Of aeroplane with’ the of ‘more 
rscréw. on the’ ‘sdime* which 
‘throu tesearch 
by: “comparison with” ‘full-scale’ tests beginning’ ‘has’ 


problem, and! ‘we méay 
‘ future: ‘to fitid’ brought’ limits of' ‘contro? similar 
pi ‘the probleni ‘of the individual airscrew.' °°) 
te’ ine pro} : genera) aspects, and ore espetia 
whet ‘for for the sake Be ‘simplicity asstime ‘that’ the aerdplane'‘retnains 
under a’ uniform’ regimen’ as regards external conditions; there ‘arises’ 2 
re of very. ‘great present importatice, that’ of ‘some’ form* of adjust- 
mht’ ‘iit ‘the ‘technical the’ plane “as ‘a ‘whole ’ 
to’ ‘charige titude;’ 
be coimen tet red tor citing ed with 


onnection with the prime moveéf ‘ti was th very 
ah the density Of the ait. this is very bound 


ign of airscfews. “No. 1 available with 
paper (once the standard section 
model, ready to’supply a vast 
operation ‘under yarying ‘conditions, an: 
effettively ‘once the mod 
le Over these matters. relat 
réw, it is because of its importarice as ani ‘element ‘in: a¢ 
"Reaction between Airscrew and the ‘widest and most im- 
portant ‘outstanding problem ‘in’ ¢onnéction ‘with ‘aeroplane ‘propulsion has 
telation ‘to’ the ‘reaction between’ the anid ‘the influence 


seussion of tion, it will be apparent that. 
athe. operation the. means. of, absorbin 
wer of ‘the, prime, mover, it, into the 
depend..on, the density. of the medium. in whi 
operates. Again, in climbing, flight,.a, part, of the .weig 
is:carried by the pull or thrust. ofthe airscrew, h fight. it, is 
borne by the planes (assuming the airscrew. shaft then horizontal 
nthe pull or thrust.of an,airscrew and, indeed, its 
operation,..m vary, .wid idely, according as; the 
horizontally thus, seems, reasonable. conclude that, for, results 
be: provided. joe mode, ofa djustment, of: 
that “the screw as it, finds itself in,a. medium of continuously 
density, or as, finds itself. called. upon; for amounts of 
or, pull with. varying angles, climbing flight, 
y,adjusted.in order. to, give the. best, 
he, problem is, further, complicated: by, the fact, that pg 
needs a correlative adjustment... As, we haye, already, seen, the one. factor; 
aerial flight which remains sensibly, constant under all conditions and jat. 
altitudes of flight is the ed to of, the plane and its. 
tical force rom the, reaction of mus 
horizontal: flight, while willbe. 
or lem, of the 0 wer. at. varying alti 
ing of elim Involves ithe. 


The. surface of. the wings: ‘and characte, 

The deyelo by he engine, 
of the, vir 


of realizing 

of pitch.is most; suitable, some,.means.of v; 
of the pitch , the screw. order that wii ed 
and. area of big with. the available, pe of 
engine. as. affected bathe, Bits jmay..be so, ad, 

secure, the, revolutions : best adapted wl care 

‘the, prime. mover, them 

d which,, will, give lifting, force. nee 
pnt ty weight of the plane, “either in whole or in part, according as. 

js, an.airscrew wi teh. Such. an. aursene 


means for 
on, the, present occasion... We may note, howeyer,, that the angle of attack 
1s, the. one. feature about .the, plane which,may. readily be. varied, while 
4 there. is..no., feature..of, the the airsctew, which 


NOTES. 


ied By’ so Bivoti the ides tae i ‘thay be: hirne 
itself. EXtteme of such a’ in’a wide Varia+ 
froin root to tip and'in'the end will Fesult’in'a Fiotts' loss if 

The “actodyriamic roblem’ of* deterinining he best’ 
Of an, airscrew, blades’ of ‘which are ititended ‘to ‘be: 
is thatiner, so. tnder ‘the widely Conditions '6f' ight 

be” fecti ration | and? ‘well-suistained 


are so bit laitig’ aft 
Wits ‘adjustable ‘plades that it will the’ ing 

n it by. the’ exacting conditions ‘of aeroplatie 
*'Tt is rhat “not too much to say that the first problem is’ alteady welt in 
aha” ow reasonably well foritis and to ‘give'to 
uch an ‘dirsctew, and if’ it were only a niatter of design of of the deter- 
of form and proportion, the ‘problem’ could ‘Hardly ‘be’ called’ 


constttction of ‘an airscrew with adjustable blades is ‘not’ ai. 
Several modes of construction have ‘been attempted, ‘but, with only’ mod- 
ératé success. The problem’ is Clearly’ defined, of the” Highest order of 
importance, and is outstanding as one of the appliances, for whith’ the art 
of aerial ‘navigation is, definitely in waiting. sai 
Stability and Control—The three fundamental’ of ai" aeroplane 
strength, movement.and stability with control. We have noted’ some 
problems arising urider the ‘of sttength arid movement 
or propulsion. We may how tutn gt briefly to a glance ‘at the situation 
fe stability and control, Any detailed discussion of these problems 
would be qu ie out of the question on the’ présent’ occasion, ‘and ‘time in 
o event will only allow us a brief glance at the gerieral situation’ 
egarding stability and control it is not too much to say that’ the’ general 
hagas underlying these characteristics of ‘an ‘aeroplane are now reason- 
bly well understood, due latgely to the splendid t eoretical and experi- 
mental" investigations initiated by British’ scientists and to’ which ‘certain 
workers in the same field in the United States ‘may have’ contributed 
something, and by no. means overlooking’ certain’ important’ contributions 
French and Italian investigators, ‘These investigations, ‘both ‘analytical 
and experimental, have placed the study of these subjects on'a nog 
sure foundation, and have served to mark’ out. the ‘way to. secure op i 
sired degree of stability which may be desired or which may be ‘consist 
sat other valuable seni We are here confronted with one of tion 


Of 


this. 
tio argin 


t rt tr: t 


attemp cure some desirable quality nign 
a limitation of desirable qualities in other ‘directions. — 
lity and control, “Tf stability is carried ‘to ‘an 
ickness of manetivering are reduced’ and contfél in 


yet, realized the ultimate and best arrangement either as eeaies the 


' that*we, have not, and that some arrangement yet remains to 


vores 


ikely to develop... Such machines. would 
sbtin pilots, bei aeronautics begins to tate 
its.own after the war ane. under peace conditions, and there comes a. de- 
mand for safe machines for, civil purposes, including family outings for 
may_anticipate.a larger recogniti oft ualities m or sa’ an 
stability, and we, shall fi provided b having su characteristics 


and in practically desea again, however, there will 
degrees, Of choice, because be, “that at with too high a be of 
stability, what may be pacts the riding qualities of the plane wil 


poor, while with low, stability, the riding qualities may be much smoother. 
, The. general, is therefore pretty well: solved so far as the, grou 


gen 
work is concerned, This does not mean, however, that there is. 


further for us to learn in this connection.. There are man any problems 3 a 
nature inviting the student of this fascinating field of study, and 

solution of which, will, serve to round ont. and broaden our general 
grasp of the problem. In particular, we need further study on the. 
action which ensure and the end 
mobility. readiness of response to control agencies, to the en at we 
may control more. effectively the combinations which “may, Be, desired, 
garding stability and mobility of evolution. 

Again, while the elements of control are well ‘understood, there i is room 
for further study as to the best means of actually developing the it 
forces required and of applying them to the plane itself. These are partly 

aerodynamic and partly structural problems, each phase reacting ‘more or 
less on the other. 

One Aastante, of problems of. this character. will serve to illustrate the - 
type.. Thus, we know that an aeroplane is ‘provided with, rudder surfaces 
of two kinds, one to determine movement; in a vertical, motion, up_or 
down, and the other to determine horizontal motion, right or left. | pe 
these motions, vertical and horizontal, assume that. the plane. Atself is 
horizontal or sensibly. so. However, when. a plane. is. circling on_a_ steep 
spiral or making a quick turn, it is inclined. or “banked” in order to avoid 
side slipping, until, in extreme cases, the wings are nearly yertical, and 
frequently, much more nearly vertical than horizontal. In such cases, the 
functions of. these control services are reversed. Those which, . with nor- 
mal aspects, serve to produce movement right and left will now serve to 
determine motion rather in a vertical direction, and those which: formerly 
served for movement up and down will now serve to determine motion to 
the right or left. For intermediate angles of bank, each set .o aad righ 
will give control forces in beth up, or down. 


Now, it is by no. means sure, having i in view. this double and inter- 
changing function between these two sets of surfaces, whether we. aay fei 


faces themselves or their control by the pilot, It seems deci ea 
evi 

which will be more effective in the matter of this double and interchan; 

and in its relation to the pilot. This. and ¢ 


$ still awaiting and offer a de 


or the further study engineer, - 
rmament and Instruments —There still ‘ia two large and fnperian 
rich in aeronautic, problems, . ‘armament and 
no more than the briefest gener al reference to. 


ose atising under, the ead ‘of, 


i 
Bi 
{ 


nores. 


military in character and) but) little! of interest’ could; in any event, be 
said in a public address. Such problems relate naturally to the number, 

bombs d for carrying; aiming questions of 
‘Expressed ' itt their most ‘general terms’ these ‘problems’ resolve ‘themselves 
désired military uses°of the plane; and to anticipate or’ ove upon the 
‘devices and ‘designs ‘of the enemy: the fields." 

rding' instruments, title more’ specific eda be said. {This Held does, 

bristle with problems of the: highest interest to the scientist, and 
may well challenge his best efforts. It is interesting to note: the:extent ‘to 
which the modern “aeroplane” has ‘become’’a’ flying meteorological: ‘and 
‘physical laborat “Thus, ‘a recent list''of aeroplane instruments shows 
‘some: 26 or: 30 ‘different instruments and devices, be 
ried on one plane, but all included in the general aeronautic military Sao 
gram, and each serving some specific and important.purpose. With these 
instruments, as with armament, the problems red themselves to an 
effort to meet the ot, or the navigational and 0; 
of the age @ays of -war in 

‘improve: devices and designs of the pen 

Much, of the: work relating to these problems under 

stttuments is already done andwell done. 
may. 8, especially of r of imp and be 
considered as outstanding ; but of ese I shall attempt no er 
By .way of “eonclusion, may, for a moment, toa 
problem of the most vital and far-reaching and 
which “will be us with the arrival of i This is the 

probio of the best economic utilization of the enormous investment which 
has been made in Production, expressed in tefnis Ofimoney and 
human time ished pre by factories, machinery and 


uctive 
tion for the “entire-honr, 
name. We can, however, scarcely over-exaggerate its importanc and the ° 
appointment of important. commissions in England and in. United 
tates for the study of the problems arising under this’ general head is an 
evidence that their serious import is appreciated, and we may hopefully 
await suitable measures of adjustment against the day. when, we may again 
turn our ts, to the occupations of peace. 

And so with all our problems: we can only look hope fidlty’ tebard for 
us such measure of answer. as..our, patience and 
‘study may merit. Of thing, however we may: be sure, and that is that 
the day. will never. come, when! we,bave (no, more problems; to, solve. But, 
on the.contrary, the.number of problems still outstanding, as the years, go 
by, is. likely, rather, to increase with our, acquaintance wi the subject,.and 
be. sure: that, before this, or any, like audience. under the auspices. of 

‘Aeronautical . Society. Britain, | there, -will,.mever Jack 
‘material, fer, a discussion’ of Outstanding, Problems, in. Aeronautics.”—— 
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principal!loss ‘heat.from:a boiler, furnace i is in, the ‘due. gases, and 
is measured by. the -product, of, their weight, specific heat: iand,, 
temperature over’ atmospheric. . High: temperature’ of gases. may, be to 
their coming, in-contact with too’ little, heating, surface, to, coatings. of, soot 
or seale on the heating. s ‘which, prevent the absorption of; heat, from 
the gases, /but:most ‘commonly. jit),is, caused ,by defects .in. the, baffling. 
Baffles may be improperly, logated, .producing dead: spaces, where: the, gases 
do not!-cireulate iri-the{tube banks. of, water-tabe: boilers, the. baffling 
may .néot:provide for sufficiently high velowity, of the, gases 
Defective. baffiing is..the most; -common high. ‘chiceney, itempeta- 
The: baffles may, have ‘fallen down; or bricks or, blocks: may, have 


slipped out! from-between tubes;- allowing the ofa 
large of: 9% ont 


bad 


re j 
gt} at 


_ Back or Cersscross Hortzonta, 


“Baffles: for water-tube boilers thei past file, bricks ‘or 


of' refractory material fitted in’ between ' the tubes.’ In cross-baffled 


boilers these tiles’ are introduced ‘between’ the tubes by: springing’ the latter, 
‘and naturally do not always fotm tight joints with’ otie another orwith the 
‘tubes, especially | after the latter have warped or’ sprung, ‘as’ they invariably 
‘do in Service. Tt is’ also difficult to insure that’ blocks: ‘will 'temain* where 
they are: »placed’’ will riot Yarge: ‘openings: ‘Owit 
to the in’ which’ baffles’ in boilers, it is: almost: impos- 
sible to cement them together; moreover, ek difference in expansion and 
contraction of the boiler and baffing would break the joints apart. 

The illustrations show how jointless, gas-tight’ baffles can be made by 
the use of a refractory known as plastic firebrick and manufactured by 
the Betson Plastic Fire Brick Co., of Rome, N. Y. This material is com- 
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pounded of refractory. substances so prepared as to practically eliminate 
expansion and contraction .withchanges.in temperature... 

In: forming. a’ cross-baffle..for a water-tube boiler of the B. & W. type, 
the ordinary cast-iron. baffle plate is used, as one side of the, mold, while the 
other is made by powsting slats in, through the diagonals between, the 
tubes/.as shown in ‘Fi The plastic material is then poked down through 
the: diagonals fill space, between the cast-iron baffle plate and these 
slats: It‘is plastic so that it.can be fosced: out 
the tubes, fitting the latter snugly. 

When this work has been completed, the oiler i is fved up slowly, t the 
crisscross of slats, burns out, and the plastic material is dried and ;vitrified 
in place. This operation occupies only a few hours, after which the full 
load may be put upon the boiler. Inasmuch as the boiler comes up to full 
steam pressure~before the material ‘is thoroughly - set, the ‘expansion of the 
metal pushes away the soft material to the position it should occupy when 
the boiler ig hot, the bo: wil will\draw away from the material in 
cooling 0: again, in; tightly when ss boiler is under 
steam. 

In formigg ato dinal bafite Fig Blocks of W rake laced in be- 
tween the tubes, above and below the space which it is desited that the 
baffle shall occupy, thus confining the plastic material, which is shoved in 
from the side in the ¢ase of baffles in the middle of the tube bank or from 
underneath} or lover in the | or top of 
the tube bank. 

Where this miatefial “is sist, “thére ig the shape or 
size of the baffle, and the latter can therefore be arranged in any form 
desired. In cross-baffled boilers, for-example, it is becoming the practice 
to slope or inclifiethe "baffles, so that the gas pas: Will| contract pro- 
gressively from the point where the gases enter thé ee td the point where 
they leave, in otder.to maintain a uniform gas velocity, _ in spite of the 
shrinkage of gas * volume with cooling. This is easily" accomplished with 
the plastic ntatefial, whereas with thé solid bricks’ or bloc! a special 
block is require which can he inserted! and maintained i in aa only with 


difficulty, if at all. 

This material also finds use as a tutte for s of bricks or 
blocks, as, for example, where the front headers of Pete water-tube 
boilers rest upon the front arch. Its use for lining furnace — err 
tion chambers, including ‘front arch,’ side walls, bridge wall arch, 
described’ previously. The éxacting tests fo it has 

been in direct contact with the fuel bed and with the gases of ¢ombus- 
tion ore they have been cooled by the | boiler surfaces, pra ves its 


ability to withstand ‘h temperature es such as a 
in| furnace” con ct for ong or 


othe deteriorating. er 4 a 


TESTS OF DED, JOINTS IN STEEL 


ott Sviitid of} 
e. strength, of, welded. joints. in mild ‘steel. plates,. 

joints. were we led workmen ina plant eonesially 


tt rad} 


Bulletin No. 45 of the University of IMinois’ Engineeri 
Station, “ The Strength ‘of Oxyacetylene Welds: ‘in’ by Herbert: 
Whittemore, gives the ‘results’ of tests’ of stre of welds made’ under 
shop’ conditions ; it also gives a’ detailed ussion of the: 

‘welding with: the oxyacetylene blowtorch: 

2. Acknowledgment.—The plates were furnished by ‘the Oxweld: Acetys 
Company, and the welding was done’by’ them ‘at their Chicago: plant. 
The of static strength of welds were made by G. W. Watts 
and A Brown, of the class ot 1915. ithe College ‘of t: Rayineering of 


dE 


gi 
t 
‘I 
« 


ae 
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University of Illinois. Messrs. ‘Brown an Watts ; as 
tors during ‘the’ welding of the ‘test ‘plates!’ edict, of 
the University of Illinois shop ‘laboratories, writer in 
the general of the tests: The’ tests ‘were all ‘made in the’ labora- 
tory of applied mechanics of the University of Illinois;’'''”’ 

3. Tests and Test Pieces—Tests were made under three. ieuiteteied of 
loading: (a) static load ‘in tension (in a testing machine), (6) repeated 
load (bending), and (c) impact in tension (in a drop testing eo 
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“The'static tension tests give’an index: of the ‘résistance’ of the welded: 
joint to loads applied only a few times and without heavy"i such as: 
floor loads ‘in'‘warehouses ‘and ‘the dead loads’:on: bridges.’ 
stress tests’ give’ an ‘indication ‘of the ‘resisting power: of the welded joint to: 
loads repeatedly “applied, ‘such'‘as loads ‘carried*by’ springs’ and: cafriage 
axles: The! impact ‘tests ‘give’ an’ index ofthe “ability of the: welded-joints: 
to resist sudden heavy shock ‘without complete ‘rupture. High: resistance: 
to 'ruptiire under impact insurance! against the sudden:and: 
plete failure of apart’ subjected to’ severe ‘bending: or stretching, rather: 
than its stress-carrying ability. High resistance to ‘rupture under impact is: 
of importance in material for machine ‘parts or for railway service. i 

The plates in which the test joints were made were of steel with a carbon, 
content’ of about 0.16' per cent. ‘The following thicknesses of plate were 
used = ‘Nov ‘10'gauge, %4 in, Hh, and in. 


i 


= 
tosivl soe of 
amnows ar or specimen eLANE or. 
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were farbished, ree ahd two’ each ‘of ‘No. 10 ¥,-in.,’ 
%-in,, and 1-in. Fig. 1 shows the plan of welding and cutting a test plate 
into test panels for varying heat treatment, and also the plan of cutting 
thesé test panels into test strips to form individual test pieces. The welding 
of the test panels was done in the preserice of. inspectors from the Univer- 
ity of Illinois, anid these inspectors stamped each test strip with’ an, identi-. 
ying mark before it'was cut from the test’ patiel. ‘The approximate s 
of welding for the various thicknesses of plate were as follows: No. 10 
gauge, 0.51 in. per min. ; %4-in, plate, 0.29 in. per min.; plate, 0.22 in, 
min. ; %-in, 0.13 in, per min. ; 1-in. plate, 0. 11 in, ihe ta 
The sha size of the various test pieces cut ee test ‘strip 
shown in Fig. 2. shows the static tensi 
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3 shows the test pieces for the repeated stress tests, and Fig. 4 shows the 
test pieces for:impact tests. ds vind it! 
Nearly all tests were run in triplicate. There were 104 tension test speci- 
mens, 106,repeated’ stress specimens, and 58 impact specimens tested. 
4. Appatatus—The tension. tests for static strength were, made in a 
100,000-Ib. Riehle testing machine fitted with an autographic apparatus for 
drawing load-stfetch: diagrams. This apparatus was not of, sufficient deli-. 
cacy to. permit measurement of small. elastic.stretches, but .did, measure. 
the comparatively large plastic stretches beyond the. yield point, and did. 
permit a: good: determination of the yield point to be made., The location. 
of the yield point is plainly: shown by the “knee” of the load-stretch dia- 
gram. Fig. 5,shows' typical diagrams for static tests. an? 
Fig. 6 shows in diagram the Hatt-Turner drop testing machine used for. 
the impact tests:. The weight, W, let fall from a predetermined position. 
(shown by the broken line), and as it falls, a pencil attached to it draws 9 
diagram on the rotating drum, D. For free fall this diagram is a parabola 


“ey 


won ra 


as shown in the upper part of Fig. %, hic ical test In 
the position shown 6 (by the Solid may" a? falling’ weight strikes 


Fic. 4.— SPECIMENS For Impact TzsTs 
H : up in the test piece, Sp, sufficient to cause rupture, O in Fig. 7 corresponds . 
H to. the location of the weight when striking the bars, BB (Fig. 6), and the 
lower part, of Fig. 7 shows the free fall after the specimen is ‘ruptured, 
BY Tn rupturing the specimen kinetic energy is taken from the falling wight, 
and. its speed is reduced; after breaking the specimen another free fall 
| takes place. Ordinates.in Fig. 7 represent distance, and, since the drum 
BS revolves uniformly, abscissas represent time; hence, the slope of the dia- 
Bs gram of Fig, 7 at any point gives a measure of the velocity of the falling 
i weight at that point. The amount of energy absorbed in breaking the 
* specimen can be determined if the velocities at two points in the fall, one 
i before the weight, stresses the specimen and one after rupture, are deter- 


nore 


mined. In Fig. 7 let the first point be chosen at a and the second at b, 
and let the vertical distance from a to b be denoted by ’ The velocity of 
the rae By weight at a is given by the slope of the diagram at.a; call this 
velocity woah determine v, the velocity at b. e he kinetic energy 


of the falling weight 
Wy, 


2 
g 
in which Wi is the weight of the falling weight, and g is ‘the acceleration 
€0000 
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sec.). If the weight had fallen freely 


due to (328 ft. per sec: ben 
ve been 


to b, the kinetic energy are wou 
= 


The energy which has been absorbed in "reakine the test specimen is then 


1 W 2 = W 
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Incthis, discussion, friction. of, the, for, the sfalli 
lected, as:is-the, energy: absorbed, in, yibrations of bars, a 


these) losses are large, and. since. only comparative, 
weldedi.and;-unwelded specimens. desired, the described me 
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plates ;with the. strength. of. the, original plate... 
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(a) The strength of a test piece containing a welded joint is compared 
with the strength of a test piece of equal width cut from the original plate, 
with no allowance made for the additional thickness of ‘the welded test 
piece due to the addition of filler ‘material, or (b) the intensity of stress 
at yield point or rupture for joints and for plate material may be com- 
puted from the load and the dimensions of the cross section.. The effi- 
ciency given by the first method will be called the joint efficiency and the 
efficiency given by the second method will be called the efficiency of the 
material in the joint. In general, joint efficiency is of more‘direct practi- 
cal interest than is the efficiency of the material in the joint. 

In tests for static strength and for strength under repeated stress both 
the values for joint efficiency and for efficiency of the material are given 
when it is possible. (Efficiency of material cannot be given if rupture 
occurs outside the weld). In the impact tests the quantity measured was 
energy (measured in inch-pounds) rather than intensity of stress (meas- 
ured in pounds per square inch), and only the’ joint efficiency was 

In connection with the discussion of efficiency ite dhould be-noted that the 
breaking of a test piece outside the weld does not necessarily mean that 
the efficiency of the joint is 100 per cent or mofe. The excessive heat 
involved in making an oxyacetylene weld may/act to weaken the material 
near the joint so that the strength of the original piece is lessened and the 
failure will take place outside the welded joint. : 

The general results of the tests are given/in Tables. 1, 3, and.4,.For the 
Static tension tests and the impact tests, there are given for each thickness 
of plate: first, the results for the original/material; and second, the results 
for the welded specimens expressed in térms of percentage of strength of 
the original material. The method of’ obtaining comparative results for 
the static tests and for the impact tests needs no explanation. — 

The method of obtaining comparative results for the repeated stress 
tests is somewhat complicated and will be given in detail. Table 2 gives the 
direct results of the repeated stress tests, the nominal stresses given in 
that table being the computed stress based on the thickness of the original 
plate. The actual stresses are based on the dimensions of the cross-section 
of the specimen at rupture. / 

It has been found * that for the range covered by these tests the relation 
between the computed fiber stress, S, in a specimen, and the«number of 
repetitions, N, necessary to cause failure, may be represented with a good 
degree of accuracy by ag of the form 


Sno log S=log B—g log N 


in which B and Dg are experimentally determined constants. Plotted on 
logarithmic paper the graph of this equation is a straight line. The results 
of the repeated. stress tests of oxyactylene welded joints, when plotted 
on logarithmic paper, fell fairly closely along straight lines, 

The test results for the specimens from each test panel were plotted on 
logarithmic paper and a straight line drawn to fit these results as closely 
as possible... The ‘slopes ofthe lines for the results of all test: strips were 
then averaged and for each. test. panel a line with the average slope was 
drawn according to the test results. Ac. 

, By means of this line with the average sl the nominal stress, S, 
corresponding to failure at one thousand repetitions, was determined for 
*Basquin, “ The Exponential Law of ‘Re; S$. T. M., 1910; 
“Constants and Formulas for Repeated Stress Calculations,” Proc, A, M., 
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Thickness of « No, 10 Gauge Inch | 1 Inch 
ant 30 900 600 83 000 33 000 


Jodnt welded ile Bot | 101 | 106 
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Material of plate, annealed from 800 degrees: . . | > 82 | 80 90 
Joint: welded, no treatment . bee 81 
IV. Ervictency or Jomr Basep on THE ULTIMATE 

aterial , annealed from 800:degrees 92 
Joint welded, annealed from 800 degrees C. ‘ 87 4 72 
Joint welded, quenched, annealed from 800 degrees C. : 95 79 
Joint welded, hammered while hot 101 92 88 
Joint. welded, hammered while hot, annealed from 

800 degreesC. . 106 83 82 
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; Joint welded, hammered while hot, annealed from 
which is the average 


TABLE 2 
Repeated Srress Tests or OXYACETYLENE WELDED JoInTs IN STEEL PLares 
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Testing Machine with a Speed of 350 T.p.m. 


The Repeated Stress Tests were made in an Upton-Lewis Endurance 
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yerial in plate, annealed from 800 degrees C.  . 7 91 & 
welded, no ent treatment. . . .. 100 1 1 
Joint welded, quenched, annealed from 800 degrees C. 90 . 95 - 94 ry 86: 
Remmered while bot 102, | W7 | 10 
"Thickness of plate ‘No, 10 inch | 34 inch % inch ineb’ 
inplate, | | 100 | 100 | 100 | 
Joint welded, annealed from 800 degreesC. . . 87 94 80 70 
Joint welded, from 800 degrees C. 82 81 7 © 
Tl. Evricrency, oF THE/JOINTS 


each test panel and taken as an index of strength under repeated stress. 
Any number of repetitions could have been chosen as the index number; 
one thousand was convenient. The stress, Sp, corresponding to failure at 
one thousand repetitions, was determined for the plate material, and the 
ratio S:Sp was taken as the efficiency of the.test.joint...If S was,.com- 
puted on the basis of nominal, dimensions of cross-section, $:Sp gives the 
joint efficiency under repeated stress. If S was computed on the basis of 
actual dimensions of ‘cross-section, S:Sp gives the efficiency | of the ma- 
terial under repeated stress. 

6. Summary.—aA few genéral: comments: on: the itest results are given in 
conclusion. 

“These tests were made’ on joints welded by. skilled ima shop 
especially fitted for oxyacetylene They should not be considered 
as indicative of the strength of welds. made: in ‘repair , or of welds 
ousle by workmen without special training in the use of € oxyacetylene 
torc 

‘For joints made with no subsequent; ‘treatment after welding, the joint 
efficiency for static tension was found to be about 100 per cent for plates 1% 
in. thickness or less, and to decrease for thicker plates. 

For static tension tests the efficiency. of the material in the ine welded 
with no subsequent treatment is not greater than 75 per cent.* The joints 
were strengthened by working the metal after welding and were .w 
by annealing at 800 degrees -C.. 

The results of the repeated stress tests give an index of, the eridurance 
qualities of the joints, and they follow in a general way the results of the 
static tests. 

For repeated stress tests the joint efficiency seems to be shone 100 per 
cent for plates 4 in. or less in thickness, while the efficiency of the mate- 
rial in the joint is somewhat less. Hammering or drawing the weld while 
hot increases the strength, and annealing from 800 degrees C. lowers it. 

For static tests and for repeated stress tests, the joint efficiency some- 
times reaches 100 per cent; the efficiency of the material in the joint is 
always less. This indicates the necessity of building up the weld to a 
thickness greater than that of the plate. 

The impact tests show that oxyacetylene weltied joirits: are ‘decidedly 
weaker under shock than is the original:material; for joints welded with 
no subsequent treatment, the strength under impact. seems to be about half 
that of the material. 

If the welded joint is worked while hot the impact-resisting qualities are 
slightly improved, though this ‘does not make the joint equal to the original 
material in impact-resisting qualities. Annealing from 800 degrees c 
seems to have very little effect on the impact-resisting qualities, ° 

In general, the test results tend to increase confidence in the ‘Hale 
strength and in the me under repeated stress of ‘carefully made 
oxyacetylene welded jones ‘mild steel plates. 


The means of indicating at a distance the temperature of ‘cites anbis 
steam various points in the steam ‘range, ‘andthe temperature of the exit 
gases fromthe boilers; has been found of great utility in the efficient 
running of steam-raising plants on both land and sea. 


‘ 


45 of the Engineerin Experiment Station of the 
H. L. Whittemore, showed efficiencies of material in the joints of wy per cent 
the operator had become proficient. 
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The old and more crude method of fixing on the steam range small re- 
ceptacles or pockets into which are placed glass mercury thermometers is 
inconvenient, and the breakages are many. It is highly important that the 
various temperatures should be faithfully, recorded, either at the central 
control platform on board ship, or,-if-mecessary, in the engineer’s cabin, as 
by this means those vital TRALEE, under constant supervision. 

The thermo-electric pyrometee. which permits of this system of distant 
indication, has been applied ‘with conspicuous success to many plants on 
shore, and on ships now forms a part’ of every modern equipment. 

The principle of the thermo-electric: eter is extremely simple, and 
is already fairly well known. »»The-outft, which is constructed to record 
from 0° C. to 1,360° C. in ranges suitable for the work on hand, consists of 
three parts only, 4. e., the thermo-couple, the indicator or recorder, and the 
connecting leads. The thermo-couple :comprises two dissimilar metals, 
usually in the form of wires*of rods, or tube and rod, joined to each other 
at one end, and to an electricab.circuit containing the measuring instrument 
or recorder at the other. The heating-ofthe junction of the two metals 
establishes an electromotive force depending on the difference between 
the temperature of this junction and that of the extreme ends of the two 
metals which form it. The heated junction is referred to as the “hot 
while the extreme) etid ~of-the thermo-couple. is known as the 

cold en 

In Fig. 1, A is the hot junction gs the cole end of the thermo- 


{COLD.END EXTENSION COPPER CABLE 


couple rod AB. In practice B may attain a comparatively high tempera- 
ture, and as the reading of the instrument depends on the difference of 
temperature between the hot and cold ends of the thermo-couple, an 
error may. easily be introduced. Such error is, however, compensated for 
by the use of the “ cold end ‘extension cable,” which removes the real cold 
end to point C, which can easily. be maintained at air temperature. This 

“cold end extension” is formed by two thin wires, generally of similar 
material to the thermo-couple itself. The junction C is usually fixed at 30° 
C. for purposes of calibration, but for extreme accuracy the indicator can . 
be set to read any cold-junction temperature by means of a zero adjust- 
ing device. 

From the terminals of the hese leads are carried-to the indi- 
cating instrument, which;may! be'fixed convenient place. It 
takes the form of a robust.moyving-coil instrument‘similar to those used for 
indicating current and voltage on ordinary switchboards. No batteries 
are required, since the hot end of the thermo-couple immersed in the 
steam establishes an electromotive force which depends on the temperature. 
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 Figi 2 shows a: form of suitable for use im: steam: pipes, and 
equivalent positions. The: connector employed is concentric, thus obviating. 
the ‘possibility of ‘reversals, and: providing clean,' neat job, and it is, cus- 
tomary for :the cables connecting the: thermo-couple:to ‘the. instrument to. 
be protectéd by being drawn into flexible: metallic tubing. This:procedure 
is not, however; absolutely essential; ‘since in many: plates the leads..can, be: 
conveniently: cleated! along the ‘run,’ and,: being out: of the way, are not 
liable to damage. The flexible metallic tube is, however, extremely con- 
venient!:in):many otherwise unfavorable circumstances, as vit: is of the 
highest: importance to avoid damage ‘to the ‘leads,’ © 

In some*installations ‘a number: of these: rare: inserted. iat 
various points, and are connected at: will to the indicating instrument by 
means of a selector switch. ; 

The form of thermo-couple employed for inserting into the uptake for 
measuring -exit furnace gas temperature is usually a straight rod 3 feet 
long, the outer tube being about 4 inch diameter, forming one element of 
the yo j om inner element being taken down, the center and welded to 
it at t 

For superheated steam work the ines} tange. of the. instrument is, up to 
700° F steam temperature being given direct on the ay 
re are supplied by Kelvin, Bottomley & Baird, 
an seen a at. their Street, Ship- 
‘ae 


MEASUREMENT OF OF REFRIGERATING 


One of poblems to:be the eqonomical run- 
ning of the refrigeration ran he al boatd ship is the correct recording 
of the températures of the various insulated chambers, When large in- 
stallations are fitted, as on vessels fitted. for carriage of frozen cargoes, 
a staff of refrigerating engineers is employed, and it falls-to the duty of 
one af ree to go round twice or three times a day to the 
various. holds ‘and-take-a record of-the temperatures. smaller in- 
stallations, however, such as that-which is fitted merely for the carriage 
of the ship’s provisions, the engineer on watch has to look after the run- 
ning of the refrigerating machine, and he is not free to visit the various 
cold storage temperatures to take a record of the temperature. To over- 
come this difficulty; various thermometers, have been devised, 
and in paper on “ Refrigerator, Carriage of Ships’ Pro- 
visions,” recently read before ie ‘Liverpool ngineering Society, Mr. 
James 'B. Wilkie made.a reference to one of these long-distance thermo 
which, he said, had: given very. satisfactory results: it being possible to. 
a, board alongside, the, refrigerator, machine, with a 
ected to each refrigerator chamber by means of a, flexible pipe, an 
the engineer who is in arge Of the refrigerating machine ican see exac! 
Yost are the temperatures in the refrigerating chambers without Teaving 
the starting platform, The actual length of the, connecting tubes. in One 
ee ship between the thermometers in the engine room and the re- 
rigerating chambers varied between 60 and 110 feet, but the flexible tubing 
is is may, be clipped to the in the, same ‘as an 
ary ric, wire. 
particular, thermometers referred. toa ate the Sentinel’ | 
many features of interest. 8, class of instruments 


. 
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for the: cold storage trade, the thermometer consists “ bulb” which 
can ‘be of. any’ size or shape, but which: is usually in a metal. inch, 
diameter and 514 inches: long, connected by. a’ flexible metal tube: to the indi-+: 
cator' of the’ instrument, which consists of two glass tubes-mounted side: by: 
22:inches long and’ 3 inches The)-flexible’ 
tube'contains ‘two thin’ solid: drawn: steel tubes, and: can:be -any: 
moreover, being:of robust construction, will stand:a Jot of. 
“At the back of the glass:tubes is the scale; which can be: graduated :for, 
any range between —10 degrees and 212 degrees F, ‘The right-hand.side! 
glass tube 'is connected by a platinum tube and:a solid:drawm: steel:tube to 
the bulb, while the left-hand side glass tube:is connected by::a platinum 


goles TO 


ods edie Fl Coat 
it 


tube to the cothpensating solid drawn steel’ tube which’ ruins parallel td'the 
bulb tube, bat which is sealed off near the bulb. ~Part of each glass tube, 
the whole Of each connecting’ tube ‘andthe bulb, is filled’ with' liquids, and 
the top part of each glass tube is filled ‘with gas at'a pressure, thus enabling 
i _ The working principle is merely the plain expansion of a liquid due to: 
ae heat, The heat on the bulb affects the liquid in the tube which is con- 
nected to. the right-hand side glass tube, causing it’to expand, and ‘thas 
‘ey raising the level of the liquid inthe right-hand side glass tube. ‘The Ieft- 
bes hand side glass tube has fo connection with the ‘bulb, being sealed: off 
near the bulb, hence. the heat on the flexible connecting’ tube affects both 
= of the fine inner tubes and makes both levels rise in the glass tubes: Thus 


it is not the position of arty lével that is tempetatute of 
bulb, but the difference of ‘levels, and’ it is found’ that with this com- 


| 
Indicator Board of 
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pensating arrangement an accurate record of the iemaperatiar’ of the bulb 
is obtained, no matter what the variations of temperature on the con- 
necting 

To the. jastroment, the seate-which is mounted hchind! the giass 
tubes is moved by means of a knob on the side of the mio © that 
the level: Of the liquid in the left-hand side tube is set to the zero 
line. The-correct_temperature is then read off direct on the e at the 
level of the liquid ip the sight-hand side oye The degree of accuracy 
obtained jby these: ap wl is guaranteed by the makers n exceed 


% degree F., and in 'th © referred to above Mr. Wilkie. red to a : 


steamer which had ety tted with these long-distahce thermometers for 


over twelve months and which had been carefully checked by; means of 
paris rmometers. The greatest variation noted had been a degree 
“temperature taken with ‘the tested thermometer}jand that 
the engine room, this regult being 4 jh for the 

: purposes) ifor which they are employed. 
he diagram, Page 661, shows thé arrangement of t fitxible|s gables for 
an installation of “Johg-distance thermometers in the various | |provision 


chambers jof a passenger steamer, and the diagram on oes 660 | igives the | 


arrangemént of the-indicators in engine room. 


; the range ‘between = 

grees F. Another class of thers metet for the m of tem- 
peratureg such as those obtaining in bgiter flues is: also ma 

company, and in view of its eas © to. marine: engineets is worthy of de- 
scription. | The! two classes of -thermor s. are_identica me r as the 
bulb and ‘the’ connecting. tube are congérned, but» the ‘s of the 
high tem instrument is between: 200). ees) and 1,000 
degrees and the indicator itself‘is different. The -workin iple is 
the same,- namely, the expansigh of a liquid to the 
low température thermometer the moved::to line 

being reap, in terfigerature instrument! nothing | 


moved, 
made posible the! Glass tulés in the form of treble U tube 
i the levels of the indicating leg— 


with two of the! U’s inverted. Betwet 
which is: connected:to.the- id the compensating teg, a separate thread 


of liquid is put, which has a gas at a ‘pressure between them, central 
or separate thread of liqui j only moves when: ong level tises; but if both 
the levels rise. together; as they.do--when-the ‘connecting tubes ate heated, 
the central liquid does not move. The temperature is read-off-this central 
of moves up a glass the in the 
indicator, ‘an ce Ro errors oécur due to the anges on con- 


‘The method of covering era 
ofa 
by various fornis 


THE-ATROSTYLE SYSTEM OF PAINTING. 
ig while been|threatene - 
the 
: as well. Not only can the fi 
paint sprayer in the hands of a careful workman be operated! so as to 
cover large~areas” with uniformity, but the spray is of such a 
: nature that it enables the paint to enter into crevices and irregularities of x 
: the surface which to a hand-operated brush would be almost inaccessible. ig 
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664 NOTES. 


This system of paint spraying has been developed with a large measure of 
success by Airostyle & Lithos, Ltd., and the! Airostyle system of painting 
as applied to shipwork introduces some very interesting features. 

_ At the p ‘time the-economical painting of ships’ hulls is of national 


importance. need’ for tonnage is so great that only the irreducible 
minimum t of time canbe spared for ships to lay up in a dry dock, 


and owing to shortage of labor it is a matter of extreme difficulty to 
obtain a large gang of men for' the purpose of painting the hull, hence it 
follows that the paintihg is either negiected, or else but imperfectly done, 
with the result that the rusting of the plate causes depreciation in the 
value of the vessel, not to mention the Joss of speed due to the more 
rapid fouling of the ship’s bottom. The importance ‘of this question to. 
shipowners and $shipbuilders is therefore apparent, and it’is interesting to 
note in passing that the Admiralty have realized the value of the Airostyle 
system of painting to such an extent that they have had a series of tests 
carried out in the government dockyards, which proved to be satisfactory 
in every way. The speed of painting was found to be very great, as large 


a surface as seven square yards having been covered in’ one minute by one 
operator, the paint consumption being approximately the same. as when 
brushing. With such a material as red lead the speed was less,-owing to 
the density.of the material, but the 5 ope point to note is that one and 
and a half to two square yards could be covered per minute, giving a . 
finish equal to two brushed coats, and showing a consumption of paint 
about equivalent to that when brushing. With such material as bitumastic 
solution or anti-fouling solution, a speed of eight to ten square yards per ' 

These figures are sufficiently eloquent to prove-that this system of 
painting offers a solution of the labor problem gs-applied.to ship painting, 
and if a number of the Airostylé units are employed, the speed with whi 
the hull can be red-leaded and then coated with some anti-fouling compo- 
sition is very great indeed, whilst the number of men employed. is corre- 
spondingly small. The diagrams on 663 ‘show the disposition of .a 
number of Airostyle units round a ship in dry dock, together with the 


_-- Vessel in Dry Dock, showing Disposition of Painting i ie 
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location of. air, which .may¢ither be of a portable 


r unit, 
nature, electric motor or small wheeled to any 
convenient alts, or permanent naturé €rected.in a shop close by 
the d “The units themselve = plc only. weigh ‘about one hundred- 


weight, are f carried on movable cradles around) the ship, or are . 
slung in such a aaron as to be magne nea to the hata at which the 
\ 


As willbe ‘from. the outline drawing re on page "665, 
each unit consists ‘of a compressed air tank, an a ies nigh fed color pot. 
Compressed air from a shop supply, such as is Eye ni found in. most 
shipyards for operating pneumatic tools, loyed, or it can be 3—S—i wr 
produced in. a constructed electric, or| petrol-driven com- 
pressed air set.| This is led through the: steel hae which forms the _ 
framework of unit to the low-pressure. -areducing valve, 
in which the air is maintained-at an uable ensuring, uniformity 
of work. This low presse Siipply ht air is utilized for atomization of the 
paint in the “ pistol” from which if\ig discharged in fort of a very 
fine spray on to the surface\being coated. An automatic relief valve for 
draining away moisture from \this air cylinder is” fitted | fs shown. Air 
direct from the | 5 wipe a is also through @ re g valve to the 
color pot above! The paint pot is fitted-with- career cover and the . 
pressure of air ‘forces the t through an, armored to the pistol 
sprayer.. There are thus two: pipes co with the: one conveying | 
the paint under pressure and the f the ‘compressed air, and construc- i 
tion of the pistol is such that the air jatomizes the paint and projects it as of 
finely and ormly divided spray from the nozzle of the pistol on to the 
surface to coated.' Pressure ga fitted jon ‘either side of the 
we reducing valves which can be o erated at will, and thus the unit can 

employed for jpaints of different consistencies for producing sprays 


of dif erent intensit ties The drawing represents a unit st two color 
pots and two pists, which can be utilized fithex for‘two"colors or for two 
operators. 

One of the objections frequently deh | inst spray, painters is that it 
cannot be employed for interior work jon a¢count of the| spray, which is so 
fine, gradually permeating the whole atmogphere of the compartment. In 


the case of stew ships, for painting Bx kheads and) partitions of cabins, 
ete., ned when spray- 
ing are likely. to give some trouble, motor-driven alge fans mounted 
on small trolleys are used. Between the fan intake and ‘the fan itself, a 
filter is introduced, so as to collect. all thé paint» 
poser is cleaned of all injurious elem o> : i 
VA 
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STANDARD WATERTUBE 
_ EMERGENCY WOO 


CROSS-DRUM, STRAIGHT TUBE TYPE WA’ ‘DESIGNED BY UNITED 
STATES PRIPFING. ‘BOARD: FLEET CORPORATION. 


for the standard. wooden. ‘steamahipe of 3,500 tons deadweight 

carrying capacity which are,being, built. for)the United emergency 
fleet will be the marine watertube. with straight tubes 


POR UNITED STATES 
| DEN. AMSHIPS. 
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668 NOTES. 


The. holler. has has. by the United States Shipping Board 
Ewe Corpotation,which has charge of the building of the 
oe for 2 the  Gilasine Board, witha view of providing a simplified type 
boiler-composed of small parts ‘which can be manufactured-in large 
with ;the-utmost rapidity by ‘practically any boiler shop in ‘the 
country, wherever it may be located. The urgent need of getting the | 
greatest possible number of cargo vessels_into commissiow as quickly: as 
possible to offset the: destruction of merchant ships by Getman’ submarines 
made imperative the an of a type of. boiler that can be constructed 
by any boiler shop with its ordinary facilities and without tlie necessity of 
providing special. machinery or equipment.._It was necessary, also, that the 
boiler be-of such type that it could readily be dismantled. after construction 
and shipped. from points inland t t9 the seaboard. 
$tated above, the boiler is of the cross-drum type: with straight tubes 
expanded into continuous sare 9 steel plate headers. The ht to the 
ter of the steam drum is 11 feet 5% inches; the width of~the furnace 
front 13 feet 434 inches, and the depth from the furnace “front to the 
back:of casing 8 feet 10 thches, The grates are 6 feet 6 incties long by 11 


feet inchell wide giving a\g te’ E re The total 
heating surface is square, eet i heating surface to 
area of 33 to 1 
The) heating surface. is. distributed follow: 4 \ Tubes, 
feet; front header, 33 square feet;’ hac! B\ square: f¢ 
square feet. The tubes, of “which analy eat in\ all, are hot rolled, 
stéel, 3 inches outside No, W. G., except the 
raight exc (+) rows, in us near 
the ba 


header. 


inches diame heads, one of 
which jis soli and th (16. a 11- by 
15-inch manh The back header is \with \1344iheh stay- 
bolts and the-4 header: with TAinch \soli 


‘boiler, is designed fora 200. and a 
TO e. It, will he with a system 
oF tat — 


pounds of water per 


‘ 
é 
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foot of grate... The specifications! embody: the 

rales’ and ‘of ‘the: United States; Steamboat: Inspection 
besten applying to marine watertube boilers for ocean and coastwise 
trade; and the design has ‘been approved by the Board: of Supervising In- 
alowed and’ by’the: American Bureau of Shipping. No punching will: be 


= Ht 
it 


Yar 
pst 


be sdone from« the after the. plates are. 
drift pins willnot be allowed. Bulled” rivets 
sible, and they ‘must be‘driven atia cherry. red — and held apn i 
machine at least thirty seconds. giles 

The furnace is constructed of steel plates and angles designed to be 
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readily ‘dismantled for:shipment: The firebox and casing: part along a plat 
paralleb to the inclination of the tubes and are so; formed as. to provide. a 


he farnace-is lined with. special firebricks-@ by.6 by434 inches, having 
continuous ‘grooves on .one end to receive 54-inch square, head.. bolts., for 
fastening to the casing. These grooves: are to be completely filled with 
high pressure cement and a thin coating of the same cement will be inter- 
posed. between butts and successive layers of firebricks. 

is built of steel fanged for, ing together 
mova e edges of plates are flang or bolting tog er—" nter- 


WINCHES GAIN FAVOR ON MOTORSE 


RECORD, IN CARGO. HANDLING ATTRACTS" ‘ATTEN TION—FIFTEEN FREIGHTERS 
EQUIPPED BY SEATILE FIRM—ECONOMY GAINED IN OPERATION AND UPKEEP. 


With ‘the advent of the motorship and the absence of the saa steam- 
propels power the question’ of power for auxiliary machinery on’ ship- 
board has been studied anew. Electric’ motors have been: applied to. much 
of the work, and in handling cargo the motors have been’ shown to be much 
more effective than the old steam apparatus. On September 1: fifteen boats 
had recently been or were being equipped with electric'winches by one firm 
in Seattle, Wash., which has ‘specialized in this. line,’and,on those boats 
which have already been put in service very satisfactory records: ‘have been 


made, 
The cost.of clectric’ equipment is considerably bigher ‘than for, stéam 
ches, but offsetting this are. 2 he 
tric winch is’ more ¢tohomical ‘to; ate; it is claimed ‘that, it cuts 
or standby time in half, affords much better control of the load, 
inates arges that increase steam operation costs. when delays 
Occur, makes: wl available any time on short notice and eliminates 
trouble from frozey.steam pipes or cylinders, With the watertight motors 
now ; exposure does not affect the deck equipment, and with: conduits 
properly installed the maintenance and repairs are believed to; be below 
the corresponding costs * steam equipment. af 


“TYPE OF EQUIPMENT UsxD. 


Since ble speed at variable ldads is essential, current: used 

Number Winches. “Winch Winch 
Owner. Vessel. 
A. O. Anderién & Co.. 
A. O. Anderson & Co........ ‘ 
Libby, McNeil & Libby............. 1 | 3 


li & Steamship Co ath. ft Sits od 


$4 OF signs: hig’ est 2b 


~ 
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But thie! last’ ate 2/800-3,000-ton’ wooden ‘motor’ships. 


first of these! boats to be’ pat it operation! was: the: Astoria, with six 


‘2+ton ‘winches. This’ boat went into sérvice immedia 


after ‘leaving the -yards;’ aid’ on’ the first’ day's: loading: green: crews: put 
aboard feet' ‘board measure’ of lumber in ‘eight ‘hours. This) is 
estimated to be about three times the amount of cargoithat could: have 
been handled with steam equipment.’ Moreover, ‘conditions were«adverse 
on this ‘day; gale: was blowing” and: ‘five: inches obinew: ‘lay ‘the 
lumber piled on the wharf)! 1 

The Speed with electric is’ sereditied: sho: the 
trol which the operators ‘have over the load.’ It can be dropped rapidly to 
within a ‘few feet of ‘the bottom then slowed‘down:to enable 
it to be’ swung into: place. The return of’ the ‘empty hook issalso made 
much faster than with steam winches. The 4-ton hoistson!:the Astoria 
handled capacity loads at about 100 feet per minute, and the same equip- 
ment, without change in gearing, lifted 2,500-pound loads at about 300 


feet minute ona single line. 
The postive unwinding Of the the 
empty hook as rapidly as desifed.' Should the current fail during opera- 


tion, the automatic brake will hold the load suspended until the current 
voltage, by. a le circuit rand. contractor pane’ an 
comes, on,. breaker goes out and is cut in again au’ 
when .the, control lever. is returned,.to neutral position, TI 
es, thus, far ward are of the single-drum type, so two uired 


tch. @ single lever controls each. winch, no foot 
are, is notable. that directions of moveme! 
direct-current generators are usually in the where 
space is not valuable, and are driven OF. Semi- stationary 


‘oil engines... This sayes deck, space iand keeps the generator. sets 

te the\engine room force can attend to them. The fuel.consumption is 
low., ,For;example, a) Swedish. motor. ship. with electric winches, 
which, recently, docked. at Seattle, loaded and: unloaded. about - 7,000 tons 


of, freight, tons in. all, with.an,oil consumption of.1.7.tons,, which is 


estimated to be about one-tenth the oil that would have. been. remred, to 
generate ‘steam steam 'winches,to do the same work. 

The usual comparison, is that a Diesel, engine driving generator wil 
consume. Jess than, pound:.of. fuel. oil. per, brake-horsepower hour. as 
against 5 pounds or more, of; coal, per, horsepower hour: that would: be. re- 
for. a donkey boiler and steam power,., Losses; on’ the electric con- 

r between generator, and motor are ‘negligible as compared ito ‘that in 


lings, not to mention’ the difference in efficiency: between’ the. 


the reciprocating steam engine... 
Diesel engine-driving generators in. the. ‘ship, ‘will take the 
same kind of ,fnel, as; the propelling engines,.and takes its, circulating water 
foo. the sea, thus, dispensing with the, separate, fuel tanks, water 
tanks, other, inseparable from tlie 


ed; to. be,due very largely: to: inadequate protection ‘from salt:air:and — 


water. As now installed, the motors are not merely sete he -but are 
made absolutely. watertight. ‘The controlling apparatus is“enclosed'in a 


tely 
| 
: 
| | 
: 


watertight steel case. with-two watertight doors, which. can) be opened for 

ventilation: during use. .The lever shaft. which operates, the controller: is 
carried: through. the side of the control case in a. stuffing box, packed. like 
a piston’ rod... Wires'are led through -watertight conduit. motors are 
direct geared.to the winding), dram, and; friction, drums and brakes 

Sh: -Buseau: requires. to. carry certain spare 
parts,so should: e electtic winches be. protected against breakdowns that 
could not be repaired en route or in freight ports... 

The vessels. described in the foregoing have been electrically. equipped 
by the Pacifi¢ Machine Shop & aro area Company of. Seattle; Wash., 
under the direction of Allen Cunning motors. and control, appa- 
ratus were: supplied General ‘International 


SURFACE DEFECTS, OF CONDENSER ‘roms 


It is the of some that defects on the of 
brass condenser tubes act to accelerate corrosion, and that accordin; 
their presence even to a small degre¢e should not be tolerated.’ Extende 
observation has failed to furnish a basis for. such'a belief. Many obsetva- 

ions have developed the’ fact ‘that the variety of corrosion that exhibits 
tself i in local pitting. resulting in perforation takes place We we bes of 
any interior defects that may exist. No tendency of ‘the pitting to 
on or penetrate the tube at a surface defect has been observed. 3 eebaedns=ee 

It is a common experience to-find clauses in. specifications that have 
been adopted by the writer thereof because the requirements which they 
demand to’ be reasonable, but’ which’ have, as a matter’ of fact, no 
basis in either theory or experience. 

Certain users of brass condenser ttibes have’ been’ ‘impressed with the 

belief that: interior ~surface defects operate to produce corrosion, which 
exhibits itself in the formation of local pitting; terminating in perforation. 
The writer at one time held this belief, and took’ occasion to make’ a care- 
ful examination ‘of every case of corrosion of this chatacter which’ came 
under his notice, with a view to observing whether there was any evidence 
in ‘support of it. No case) ‘has evér been’ found ‘by him which 
would support any ‘such view." It’ has not been found ‘possible to ‘show that 
tubes’ that contaitied such interior surface defects were’ ny more’ 
to corrosion’ than’ those that were frée‘from them: * 

‘It has further been obsetved that'there is no tendeticy: foi areas 
of corrosion to ‘localize in ‘the vicitiity of ‘such: defects: Moreover, many 
cases have been’ found in which severe pitting had’ occurred in the’ vicinity 
of such defects, but no tendency ‘of’ the’ corroded areas’ to follow ‘along 
the lines of ‘defect has been’ noticed.’ 

»Avrecent case of severe corrosion ‘was’ ‘fiirnishes 
evidence that such‘connection exists. The tubes: had‘been*in service’ 
the condenser of: a ‘large: stationary plant’ fot’ a’ period Of ‘six! months, and 
were removed because of perforations caused by local corrosion’ on’ theit 
interior surfaces: Of ‘a lot of eleven’ tubes,’ eight 'were' found tobe fr 
front’ defects’ in “the ‘vicinity: of ‘the ‘corroded areas,’ while ‘th three 


: 
} 
« 
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samples were found to: contain: madieiiiacabllis _ These tubes were sawed 
“eon sO as to. show the interior surfaces. 
hed for’ h from enblemihed def 

grap compa wit surface ects, 

Particular attention’ is ‘called to the fact that even- where: a: 
de tever for corrosion: to follow the 
défect’ is‘ Observable. In’most of’ the ‘samples the corroded: area was con- 
fitied 'to a distancénot' over’ 4 -iniches'from the inlet end of the! tube; the 
remaitider ofthe tube-being as free therefrom as when first made. In one 
or‘ two' cases ‘the corroded area was ‘similarly confined: toa short distance 

that-tempefatute has’ upon corrosion ‘was: well shown by the 
fact that the corroded area in most cases stops quite abruptlyon 
that' portion of the’ tube in contact’ withthe tube» sheet... There would be 4 
considerable ‘difference ‘in temperature’ between the portion of the tube i 
‘contact ‘with the tube ‘sheet and that in contact ‘with the:steam:) 

‘It is intended’ that’ the evidence’ herewith presented should be ‘con. 
sidered as arguing in favor of the presence of defects of this character: 
‘however, ‘a fact ‘that ‘evidence of their existence canbe ‘largely re- 

ed ‘by’ treatment ‘that ‘detracts from the resistance of the tube: to corro- 
dom) while’ on the ‘other ‘hand they are rendered more highly visible: iby 
treatment’ that tends materially to increase this resistance. 

‘As ‘a conseqtience, tubes treated in a:manner tendi to decrease their 
serviceability will frequently be accepted under speci ons containing: 
restrictions of the character in’ question, but. would rejected 
made in accordance with methods calculated sbi give ‘them 
endurance.) 

It therefore’ follows that'a rigidly sa clause of this nature may. 
operate’ to weaken rather than ‘epecifications: it a 
part—“ Page's’ 


I had the; hover. iof a! paper. before 
this society.on the then very new art of “wireless.” telégraphy.:: 

Phat paper was illustrated by certain experiments, or. deatonatrations, a 

over. very, short’ distances, ‘the: 
‘of the society's rooms, These demonstrations, together -with:a state-. 
ment of what: was being accomplished in the practice of the art, in so far 
as/it. could be considered: to have a -practice,..caused: considerable: interest, 
100 miles or so had then been.covered.: ‘Today no: 
surprise isoccasioned by news of successful transmission of: 5,000 miles;' 
spondingly. increased. 

‘It.is only when we are: first introduerd to a new:art that 08 as: laymen, 
have much interest.in its modus operandi and the underlying theo i 
of course, we view it with more than simply a passing interest; This fact: 
again adds to my difficulties and I fear that this paper would -not have been: 
written -but im: the interest that I hope to be able to give to.it by: a brief 
description of, the .part..that. “wireless,”, or ra diotelegraphy vas: it is: 
called, is playing, in the present. great war. 


| 
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essential, however}: ini order, that, ‘proper, anderstanding 
follows may be had by those unfamiliar with radiotelegr 


sketchy outline df, some: of the fundamental theory 

Electric circuits; under proper: conditions, behave; in; a, manner,¢ 
analogous ‘to. mechanical, joscillating arrangements. For example, 
balance!:;wheel of a watch, with its supports minimum friction and its, 
spring’ attachment, is a fine analogy to,an electric, circuit, having, induct-, 
ance ‘which’ supplies the: electric: inertia.cffect corresponding. to, the, me-, 
chanical inertianof. ithe balance wheel), slight; electric which: 
corresponds ‘to the: slight friction in:the mechanical analogy),; and 
¢which> corresponds .to the spring» in. the balance -wheel, analogy 
laws! 6f two‘atrangements :ar¢ almost; exactly, same; | For, instance, 
to’ increase: the the: inductance, or capacity, 
is increased inthe-case ofi the electric circuit, while the mass the 
on the; elasticity they 30: vinereased inthe: of, she 

The: phenomenon, of. resonance is of great in, radioteleg- 
raphy. ‘Resonance is that phenomenon, with which every one is: familiar in 
some! form or another; which: consists in! adjusting ‘the .matural, period of 
oscillation or vibration-ofsome elastic :body until,it; the same as that; of; 
some regularly. recurring .exciting. force. ;,, Think, for,,instance,, of the 

properly.timed. pushes given, to a child’s. swing; frightful swaying, 
not actual destruction that results from soldiers:marching in step; across. 
some ‘bridge}i or,.of the :“ blast,” thatiis so. objectionable. to! listener, in: 
some of the high pitched notes ‘of the soprano as reproduced on. peer 
graph... These jare' typical illustrations: of this, important. 

3. The, phenomenon. of electromagnetic, wave ‘radiation, is! of. 
. portance in this art. It has been obsetved. that electric: circuits, of proper, 


form, and having electric surgings, or oscillating currents in them, have the | 


property of sending out electrical energy-which radiates from them as does 
light from some incandescent source. 

We need noticoncern ourselves:in this. paper, with the theory, of how this 
_ radiated electrical energy detaches itself from the radiating conductor, nor 

yet how upon striking against.an,electrical conductor, it is converted back 
to an oscillating electric current. These are both extremely interesting 
phenomena:.about ‘which’ there has‘'béen’ much’ theorizing,’ ‘but regat 
which there. littlé exact information. ‘For our purpose the: radia 
conductor can be thought of similar of ‘visible light. a 
matter: of fact, both ‘types of ‘radiation .employ the same ‘medium of propa- 
gation and have the same rate’ of travel: Their principal -differetice is one’ 
of wave: the light wave ‘being of the order of 1/50,000: ‘Of an inch; 
whereas: the electromagnetic °wave in’ common use |is'600 meters im length: 
that than -a/million! times ‘as ‘longi! ‘The rate of 
light: waves: and of electromagnetic waves ‘for ‘radiatelegrap 
300,000,000 meters: per’ second)! or approximately ‘186,000 
Both types of are subject to reflection, refraction; ‘pola and 
interference, ‘alt use is'seldom,} ‘ever, made ‘of these 
bilities: of the: egraphi¢ waves, owing he practical 

involved in the construction and! of lenges of's 

cient! size ‘to: be 'useful with these:long waves’: yin 

istated:in the beginning of ‘this electric circuits 

proper form would radiate. istraight copper’ ‘wire ‘exvellent! tadia-’ 
tor. A circuit consisting of a straight copper -~wite ewite-is Ordittarily thought? 


4 
- 
~ ~ 
: 
4 
1 


6t 6 currents aréemployed, straight wire is not an opem:ciréuit 
fot ' such’ as the ‘several parts Of the’wire have @ ‘capacity for 
electric charge ‘and hence® the ‘current surges ‘back ‘and: forth. 
he’ face that the: wire. is''a straight one: causes the lines: of: electrostatic 
force; cotitiecting® the’ two ‘charges? of . electricty of ' opposite: ity, 
ot out over a broader area than would«be the°case:if the wire! were 
$0 have’ its énds: approaching each other: This'-condition |of 
reading’ of ‘electrostatic lines causes ‘the! aerial’ tadiator,. 


conversely ‘att ‘aerial which: does not’ haves apbenting ‘of of the electiro+ 


Big’ £48 ati’ lustration® of the radiator typeof aerial) while Fig. 2 
shows ‘arrangement ‘of the poo represent’ the 
two’ plates: of the! its in» each:‘of the: two 
figarés.” ‘Phe dotted tines ‘represent the ‘electrostatic flux dines)! 
~ 
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 Aigh,Domping, wae: that 
oying: the frequency oscillations: reaulting fromthe discharge of 
charged condenser, This was used for the reason that 


- 


- 
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. 
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j 


high: frequencies of discharge were no. other 


method was, 
then known for securing them. It was.also-thought in. the. early, days that 


the: “snap” or “ whip-crack”: effect: of the condenser discharge. was- 
essential in. securing the radiation, As the: radiation: varies dir wi 
tremely: juencjes is apparent. 

The: earliest. radiator ‘known, consisted of straight horizontal rod. of 
only. @ few. in ‘length. The! frequency..of oscillation, was, ex 
high owing the small walues: of; the inductance and, capacity in, the 
cuit of discharge. The frequency of oscillation varies. inversely as: the 
square root,of. the product of inductance and. capacity. This. early .type 
of radiator néver had any practical. application radiotelegraphy,,. al- 
though it suggested the, possibility: of isuch: an art, The. earliest of. 
radiator used in, practical telegraphy. consisted ofa vertical wire with the 
lower end connected to earth. It was with that form, as shown in Fig. 3, 
called attention to the commercial possibilities. of 

ng. 
he amount of energy that can be radiated with this circuit arrangement 

depends upon the amount that can be storéd in the wire before it is re- 
leased and allowed to oscillate and hence to radiate. The quantity of 
charge that can be stored is limited by the insulation of the wire supports 
and also by the breaking down of the dielectric. strength of ‘the air sur- 


rounding the wire. These insulation failures act.as a barrier to any fur- - 
ther material increase in the energy that can ~ stored. Additional 


storage can then be secured by. increasing the size of the wire, or by in- 
creasing: the number of -wires employed. 

The radiator or aerial-of the early types was tharged by means of an 
induction ‘coil whose discharge. terminals were connected directly in the 
aerial circuit: The resistance of'this spark ga Sree causes excessive 
losses in the stored energy as the charge illates back and forth across 


it, and so causes the oscillations to die out after” a comparatively few 


waves have been radiated. 

This condition of gap resistance ‘introduces dnathhe limit to the voltage 
that can be employed, for if the gap is too long and has too-much resistance, 
the charge will not oscillate and hence there will be no radiation. The 
voltage then can never be increased beyond the voltage breakdown value 
of a gap length which has a resistance sufficiently*low so that a reasonable 
amount of oscillation of the charge takes place for each breakdown of the 

gap. The resistance of such a discharge gap,is practically, infinite before 
discharge; but once ‘started, the metallic vapors of the discharge lower it 
very, much and the subsequent high frequency oscillations pass across by 


means of the conducting vapors. The vertical’ wire ‘then, for the time 
being, has io gap, but ‘simply a change in the form'and resistance of the — 


conductor. Besides ‘its limitedpower, this form’ of''radiator' has another 
serious defect; the rapid dying out of ‘the oscillations; a8’ shown in Fig. 

This ‘rapid dying’ out ‘of ‘the ‘oscillations: makes toning, of the 
circuits’ practically ‘impossible. ‘However,’ in 'the ‘early’ days when’ there 
were so few stations, * tining out” ‘of other ‘stations’ than 'the’ one 'dési1 
was condition that did not often arise.’ Furthermore, the type of “dete 
tor employed ‘at that ‘was ‘most effective’ when used’ with the reply 
decaying wave trains. ‘The detector’ used ‘was the coherer, which 
trigger device, and the large’ athount ‘of “energy ain ‘the’ first’ 
cs page my coherer and all energy in, subsequent waves of that train were 
of no avai 

Persistent: Radiators.—To Reginald A. Fessenden, one time’a resident 
and for a time ‘its secretary, ‘be- 
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"Fig. 6. ‘Wave Train of Considerable Persistence Typical of 


Present Practice. 
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_two frequencies radiated, and the 
‘to either one, but oe 


of oscillations to each wave group or train. 

This limiting value of decrement was fixed by law in an effort to reduce 
the interference between stations and enable the station to select its de-_ 
sired one and exclude all others. Stations of materially greater decre- 
ment than 0.2 cannot be “tuned out” as they “come in” upon most any 
adjustment of the receiver thro t its practical range. 

ransmitters were devised which sent out wave trains of the character 
illustrated by Fig. 6. This more pergistent form of wave train was secured 
by reducing the resistance losses in: the radiator and further by storing 
large quantities of electric charge in associated, so called, “tank circuits, 
which fed the aerial with energy as it was radiated. . 

These associated circuits were inmost cases connected to the radiators 
by means of Tesla transformers. -Tésla transformers are well known to 
all electrical workers as two-coiltfansformers without. iron cores and 
having as a prime requisite an accurate tuning of the two circuits to the 
same frequency; that is, they are*made ‘resonant. This coupling arrange- 
ment of the tank and radiator circuits:was. not without its difficulties, how- 
ever, as it was soon discovered-that-the.waves radiated were not of a 
simple form of a single there 

ceiving mechanism be. adjust 
course not both thus part the received 
energy was wasted. . 

It was found that these two frequencies could be made to approach each 
other by increasing the leakage between the two coils of the Tesla trans- 
former, and thus reducing the rate-of transfer of energy from the primary 
to the secondary coil. This proved:to-be a fairly satisfactory arrangement 
and it was used to a considerable extent in practice. 

Quenched Gap Radiators——MaxWien,;.a German scientist, as the result 
of an investigation of this phenomenon, proposed the use of a form of 
spark gap in the “tank circuit” “which would stop or “quench” the 
spark discharge more quickly, and which’ would then allow the use of a 

ose coupling of the two circuits. This arrangement then causes a rapid. 
transfer of energy to the radiator and-a “dropping out” of the primary 
or tank circuit which insures-the-radiation. of all energy in waves of a 
single simple frequency. The ‘illustrations; Figs. 7, 8, and 9, are intended to 


illustrate the several conditions: just-discus: Fig. 7 shows a circuit ar- 
rangement in which the radiator A -P’-E-is-closely coupled to the primary. 


bh 


longs the credit of pointing out the impracticability of the system just de- : 3 
i scribed, and which system is generally accredited to Marconi as the 
ea originator, and also of pointing out the way along which success could be ae 
2 secured. His basic idea was that to be successful the detector must , 
operate and give response proportional to the total energy received. This 
was in marked contrast to the coherer which, when tripped by the first 
part of the wave train, gave the same response for strong signals as weak g 
ones, provided only that the weak |signals, were of sufficient strength to . a 
: This change in the type of detéctar, or receiver, brought about a radical 
f change in the transmitter so as to make it. better suited to the new receiver. 
This change consisted in securing wave trains with less damping of a 
form such as illustrated. in Fig. 5.) MMMM 
: “A wave train such as that illustrated represents one of the maximum 
- damping now permitted by law. The factor §==0.2, known as the loga- : e 
4 rithmic decrement, is the natural logarithm of the ratio of two successive 
4 amplitudes. This ratio remains constant for the successive decreasing Se 
t amplitudes and is a measure of the damping of the oscillations. The : 
; larger the decrement the greater the. damping and the fewer the number 3 
| 
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€ the ordinary non-quenching type) ‘It will be 
observed ‘that: the’ ‘dscillations in ‘the? primary’ circuit’ die down ‘very 
quickly, ‘due to’the rapid transfer of» its energy to: the secondary and: that 
they increase later due to a retranéfér of» part of) that energy the 
secondary ‘back to the primary. Thus the radiator’ is' changing from the 
condition to driver and back again: This trarisfer ofenergy back 
and forth’ betw atid secondary’ results: in the production of 


1% 


Fig. 8. “Loose ay with no. Civeuft 
9. Close Coupling, Quenched: Gap, with no Circuit. 


primary oscillations; in, the GP, and the lower curves the 


oscillations,in the radiator A; F results, i in..the of what 
amounts to waves of two frequencies. It,also, greatly reduces. the.. ef- 
ciency, of the.arrangement as’ the. stored. en forced, across the spark 
gap G.a greater number of times than it. should be. and the gap. resistance 

a loss of the production of useless heats: 

The arrangement wn-in Fig. 8. obviates,.in:a measure, most ‘of the 

Ities experienced with the Pig. 7 connections... They differ solel: ip 

the coupling of the two.circuits. The. separation of the coils P and 
increased, or.a smaller number of. turns used, .so as; to. reduce, the rate. 
energy transfer from the, primary to the secondary circuit, and. by. so doing 
the gap.an opportunity to re-establish itself.and thus prevent the 

feeding back*’ of energy from the radiator, to.the tank circuit. - 

_ Fig. 9 illustrates. the quenched .gap, arrangement,. which ich differs. 
that shown in, Fig..7.only, in the, use of the, quenched. gap. ofa 
number gaps.in, series, each with, ‘massive electrodes, enables the..gap to 
smother the discharge; more; quickly, and, thus ‘allows the: use,of, the closer 
coupling, and. quicken energy transfer, .as: foe gap, interrupts the. primary 
circuit before the,energy, can be fed back, from; the. secondary... The| wave 
trains in both Fig. 8 and 9 illustrate the difference sa ialaeatioitearstana! 
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transfer:and: the “feeding back.” suchas is shown in Fig. 7 
quenched type of transmitter is the one that) is most, generally 
today: im all ismall-powered, installations ships and 
the shore stations for operating) with; them... 
in practically all radiotelegraphic work since 1905 th receiving has. been 
done by:sound ina telephone at the operator's ear. receiving operator 
hears, not, only: the signals. from the desired station, but hears great 
i number. of sounds due to. “ static” and possibly other near-by stations 
i ; which have nearly the same-wave length or which are in bad adjustment. 
F Fessenden proposed a method, which greatly benefited the receiving opera- 
; tor in distinguishing the desired signals from the false ones, by so con- “4 
, : structing his transmitter that it gave a large number of spark discharges 
ee per second which were equally spaced. is tesulted in the production 
i of a clear musical note easily distinguished from atmospherics and from 
: other interfering stations, unless these latter happened to have exactly the 
: same spark frequency and wave length.and their signals were of equal 
str This high-frequency musical.spark method is-now in almost 
universal-use wherever spark transmitters are and ‘has enor ly 
: increased the reliability of radio signaling, Fessenden employed'a rotating 
spark gap which-‘was* driven synchronously. with the alternator and in- 
sured a very accurate recurrence of sparks: In this respect the synchronous 
rotary spark: gap is superior to the quenched gap, as it is much,simpler to 
keep in adjustment for a pure musical tone. In so far as any gap departs 
- from regularity in its discharge just by that pact is it inferior to one of 
; regularity, as its spark note has a fuzzy sound which, as ‘it. increases’ in 2 
4 rominence, tends to merge the signal from it into the chaotic and irregu- 4 
r noises of the atmospheric disturbances, generally referred to in the art 
as “ static.” 
Efforts to secure’ regulari of quenched gaps have re- 
i sulted in, t refinements The latest gaps are built with i 
sterling’ silver sparking surfaces, gap tenths of from 10 to 25 thou- 
4 sandths of an inch, the adjacent plane surfaces being parallel to’ within a g 
4 ; fraction of a thousandth of an inch. The discharge. surfaces are. ‘enclosed ~ 
in airtight compartments of as small dimensions as possible, thus the 
factory i in service. oy 
The several’ gap plates’ are ‘spaced’ apart’ and ‘insulated fish’ 
gaskets: “The metal upon whieh the silver’ this: gap: is ‘mounted is ‘an 
alloy and ‘has no function other than a anical support and 
conductor ‘to assist in keeping ‘the sparking ‘surfaces ‘as cool as pos- 
sible. “The several gap” plates are clamped’ together ‘with: ‘insulating rods 
along the sides, thus ‘insuring their alignment: 
ae Fig 11 (photograph of one-half kw. set) ‘shows'a’ typical quenched gp 
assembly as seen from the’ front of ‘the’ panel. ‘Fig. 12 ‘is side’ view and 
from this the construction of the’ oscillation transformer can be seen to 
consist of copper ribbons ‘wound <dgewise and on fiber’ ‘strips 
with notches 'to instiré’ proper spacitig between’ tw 
Continuous Radiator. Passing § from’ the. transmitters we will 
next consider the sustained, or coritinuous-wave ‘transmitters. Again we 
aré indebted to’ Fessenden for’ — the way 'to'that method of signal- = 


ing. ‘There is needed only the lopment a‘génerator of short waves 
to make this the universal system, agit is now preferred’ wherever ‘genera- 
‘tors of ‘the necessary wave'l ‘are available. It is ‘the system used ‘at 
the Sayville and’ Tuckerton stations and with splendid’ ‘service was  se- 
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ig. 10. Quench Gap Plate—-Front View With Surface 
Silver in 1 Center—Back View of Plate Without 
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the time Fessenden proposed t nal ‘by connectitig one’ tertninal’ of 
a high frequency’ alternator ‘andthe other to ground; the idea 
was’ ridiculed ‘by: nd less an authority’ than Fleming, the technical adviser 
of Matcotii Company: Fesseriden also suggested that’ alternating cur- 
rent generators of ‘other types ‘could: be'used and later it was discovered 
that’ an between ‘electrodes of coppér as ‘the positive, and: carbon as 
the ‘negative, could ‘be made ‘to develop oscillations; and that method: has 
attained’a considerable degree of success in‘ practical: operation: This type 
of’ oscilfation ‘generator was placed “directly ‘in’ the aerial cireuit' and: the 
signaling aeconmiplighed ‘by changing the wave length instead ‘actually 
off the’ power as had’ been the’ practice with the’ spark-type trans- 

type has’ ‘not “been” developed’ to ‘the ‘point’ ‘where’ any considerable 


amount of power be taken from it. ‘When ‘further developed it: will 


doubtless be very generally’ owing’ to! its purity ‘of radiation, ease of 
wave-length adjustment; and ‘quiet operation)! 
The continuous-wave transmitter is preferred owing to the improves 
ment in tuning which it makes possiblé, ‘atid*owing also to the fact that it 
For. Jong-distance signaling, such as transatlantic operation, machine 
generation, either directly or through frequency transformers, ‘Ys the’ pre- 


form and gives results superior to the high’ powered: arc. However, 


are 
owing to the ease in change of wave length and the rugged character of the 
arc. mechanism, the latter is military plirposes. . "The arc 
transmitter does not giye as pure radiation as the machine type and as a 
result causes serious interference with ty receiving stations, 
., This is not the case with the machine generation atid ships receiving on 
short. wave, lengths can pass within a few miles of a transatlantic station 
without knowing the big station is operating, This is’ of great, importance 
in practical work. It renders duplex operation much éasier as the receiving 
aerial can be placed so much nearer the transmitting station ‘without inter- 


_ ference from it. In duplex operation two aérials are used. an 


¢ sent continuously from one and received continuously from the dist 
ation on the other. These two aerials, are separated, bya distance of 20 
or 30 miles, and if the tuning of the circuits and the use of slightly different 
wave lengths ig not sufficient to eliminate thé local transmitting’: station 
ignals from. its receiving, station, be 
‘picked up” by a small aerial erected for that putpose which will “buck” | 
Telephony,—Radiotelephony differs from the in 
means Of. the’ radiations from the transmitting 
ere is absolutely no difference in the receiving station. 
‘The transmitting station requires a. substantially continuous stream of 
radiation whose racteristics are changed in direct response to the 
sound wave influences. Just as telephony on a wire is accomplished bya micro- 
phone transmitter which increases or decreases the strength of an électric 
current passing from speaker to listéner in almost exact step with the 
sound waves of the ‘speaker, ‘so Naragrinady ae operates by a modulation 
of its equivalent wire current, that fs, its radiations. No very satisfactory 
meatis of accomplishing this modulation is available for stations of con- 
siderable power, although no great difficulty is experienced in effecting 
satisfactory operation over short distance of 10-or 15 miles with the s 


mplest connection is one employing an, ordinary, telephone trans- 
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mitter directly in the aerial circuit, but, such an. arrangement .is capable of 
controlling only, very. small | powers, This limit. is due to, the 

fect of the: oscillating current, all, of,;which, in this arrangement, passes 
through the microphone transmitter. . The largest microphone, transmitters 
are capable of operating with. one-half ampere of current, as.an, upper 
limit...; A> radio transmission of -100..miles requires five or 
six amperes and this would burn out. such,a microphone,.,,A, number 
schemes ‘have been proposed. by which, use could: be made ofthe micro- 
phone: with its: normal current and the ‘result utilized to control the: radia- 
tions through some secondary..means. . None of these plans has met with 
much, success: and. the art stands. today, waiting for,.the invention, of a 


radiations can: be produced either from a generator, of continuous 


or sustained waves. or froma high-spark. frequency generator, provided 


* suitable modulator. 


in the last instance’ the k frequency. is. above 4,000 sparks per .sécond . 


and the discharge is regular in. its time. spacings, and further that the wave 
are persistent. The first:of the above methods. of, generation is 
Let us turn away from the transmitting stations for a hasty consideration 
of the receiving stations, A 
‘It isa long step from the early coherer type of receiver to the modern 


heating 


“heterodyne” type, Both sensitiveness and reliability have been iticreased — 


many fold. 

Coherers—The coherer was simply a bad contact in the circuit and when 
a wave of sufficient intensity arrived it caused the gap in the’ circuit to 
momentarily close and. thus permit a local battery to opetate a sounder 
and indicate in this way the arrival of some signal. ‘The coherer gap had 
to be restored to its receptive condition by a mechanical jar, or tap. The 
signaling was slow and uncertain and it was impossible to judge of the 
distance of, the transmitting station or of any of its transmitter 

From the coherer we pass to the magnetic, or hysteresis type of de- 


tector. This was used for a number of years by the Marconi Company. 


_ Liquid Barretter—Next the liquid barretter detector of Fessenden came 
nto general use and supplanted all others, It was an extremely sensitive 
device and very certain and regular in its action. A telephone receiver 
was tised ‘as its indicator and one actually heard the characteristics of the 
transmitting station so acctrately that it was goss to tell one sending 
station ffom all others by little differences in the spark sounds, and some 
operators could even recognize the touch of the sending operator by. little 
individual peculiarities in his sending. This detector acted as a rectifier 
of the high-frequency currents received and so the energy that moved the 
telephone diaphragm ‘was actually transmitted from the distant station. 
_ Crystal and Gas Valve—The enforcement of patent rights in this de- 
tector created the necessity that resulted in the discovery of crystal recti- 
fying detectors and of gaseous rectifying detectors. The simplicity of the 
former. and the marvelous sensitiveness of the latter has brought about the 
genet abandonment of the liquid barretter in’ favor of the two last .men- 
tioned. These detectors are the ones generally apices in, practically. all 
radio. stations at this time, ‘The crystals, of which there are a great 
number of good ones, are used where ruggedness and Simplicity are of 
prime importance and the vacuum tube type’ where extreme 
sensitiveness is desired. ‘Telephone receivers ate used with both types, 


this in fact being the, almost universal practice with all for f radio — 


eteéctors in use at this time. tations operating with spark-type 
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transmitters receive. sounds..which. resemble very closely the sound one 
would hear if present at the, transmitting tation and_ listening to the 
spark discharge, though of course the received signal is not so loud. In 
the best practice now a musicalspark of approximately 1,000 sparks per 
second is employed. It has been found that this kind of a spark best suits 
the ear and is most readily distinguished’ from’ the “‘ static” ‘sounds often - 
heard. With the sustained-wave’ generator something more ‘is ‘needed to 
make the incoming signals audible. The frequency used is generally of — 
the order of 40,000 or more cycles per second, thus being ‘far beyond thé 
rangé Of audibility. Interrupting devices the transmitters ‘and also” at 
thé receivers have been used with ‘more’ or less’ success: ’ These devices 
by cutting ‘the radiation up into groups, imitate the condition of the’ spark- 
type transmitters and hence make the signals'audible. 

~Heterodyne'—The heterodyne receiver’ is, however, so far superior to 
either of the types just mentioned ‘that it is ‘the one ‘now used almost exclu- 
sively. It is also the result of Fessenden’s work and is in reality his most 
important ‘irivention. This receiver’ makes the incoming ‘high-frequency 
oscillations audible by. combining them with another’ set of oscillations, gen- 
erated locally, of'a slightly different frequency. This results in the produc- 
tion of ‘interference beats, and by making these beats sufficiently rapid a 
pure musical tone is produced having a pitch of the beat frequency. ‘To ap- 
preciate the value of such an arrangetnent ‘one must realize that no other 
station cari interfere with the receipt of the’ desired méssageés unless’ it 
exactly the ‘same frequency ‘as that of the station sending the ‘messages 
is desired ‘to receive. All other frequencies’ will produce a different tone 
which unless near’ the frequency of ‘the desired’ station’ will be’ beyond 
audible range. Furthermore, the receiving operator can adjust the fre- 
quéncy' of the local ‘source until it is the same as that ‘of the interfering 
station ‘and thus render ‘it inaudibe, of he ‘can increase or decrease’ the 
local: frequency ‘and ‘change the beat frequency and thus crowd’ the inter: 
fering ‘station out of range. Further this, a’ considerable degree ‘of 
signal amplification results without ‘a’ corresponding amplification of “dis- 
turbing signals from strays or “static.” 

_ Fromm the staridpoint of 'sensitiveness of detectors, we have reached ‘our 
practicat limit. Extremely faint signals’ can be amplified a thousand’ fold, 
by several‘ stages of audions ‘or similar devices connected ‘in’ well-known 
arrangements, ‘but ‘this: method’ of ainplification’ builds up all ‘the disturbing 
sounds as’ mich as the oties from the desired’ station.’ amplification 
is of little ‘commmiercial value, as ‘generally’ more ‘di ‘to read the 
desired signals after such fication than before. What is most’ desired 
is sensitiveness combined with’ discrimination and this is ‘supplied more 
perfectly by the heterodyne than any other known ‘radio receiver: © 9°” 

| Recewer Assembly.—All types pf ‘receivers; of course, employ induct- 
ances, oscillation transformers, and ‘condensers, afd these are arranged’ in 
almost innumerable ‘combinations; all désigtied to supply «the received 
energy to the best advantage of the particular typeof detector employed. 
These‘'several elements are desigted’so'as to absorb the minimum amount 
of energy, as their function is to! conserve and select’ and to pass on to the 
detector as large'a proportion of the energy réceived ‘as possible’ 

ficiency of Signals-—~While the: ‘energy profitably ‘utilized by radio 
Teceiving station at considerable distance from: the transmitting station is 
but an extremely small: proportion of that expended in making the — 
yet, compared to signals made by lights’ the’ efficiency is’ far’ fr Th 
is to say, if given a certain amount of energy to expend in making a noise, 
or a light, ora radio disturbance, the effects of the latter would be mani- — 
fest at a much greater distance: either of the other’ two; This fact 
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“interesting” field for regarding? the 


signals but that the of this 


as been “of ‘incalculable. value i in, war. 


_ Radiotelegraphy. h 
Every branch of the. service has made.some. use, of it, 


Ship. Use-This. means, .of communication, had. worth to the 


havies of. the. world. before so, most, al vessels in 
service were equipped. with efficient; -apparatus. No, less a 


than Mahan.is quoted. as, having .said. that 
of a battleship has'been increased, at, the.emp. 


radiotelegraphy. It is; mow, possible vermment to, any, 
our; ships. at amy time.or and give them OF; valuable informa- 

ton regarding | the enemy, the weather. A a. ship, 

or admiral) of a fleet is no. longer. the his,.command, as was, the 


case when Dewey,. in, order: that, he. could, be ‘fee from; interference, fat 
the cables: before starting for, Manila,,, 

The battleships. of. the’ first. class are. carrying radio ‘of at 
least. five capacity,,with, duplicate parts,,of every e cnet 
They are also provided with several sets, of smaller power which, can 
used, either. for landing parties,, small. boat, work. or,, nergency use. of 
almost. any, kind... Every. cruiser, collier, torpedo, boat toyer,. torpedo 
boat. and. submarine torpedo boat is provided -with. its.own, particular. type 
of. equipment which differs from. that of the battleship principally in its 
power rating. The maximum size of antenna that be. carried effect- 
ively by a ship determines the maximum Bowe that; can; be radiated, and 
hence the: limiting size of the radiation producing. apparatus., The. sizes 
employed..range from. fiye,.kw.. forthe largest to: one-half, kw. 
for the smallest boats,,and.to one-fourth kw. for,Janding parties, Some 
ships ,haveattempted, to. carry and’a 25 kw,,. but it. chas_ been 


found, impracticable to, carry.an: aerial,.that will ;make.such, a size of set 


desirable. Most of our navy’s ship‘ sets;are 500-cyele, quenched. spark. gap 
type; although some. are.equipped with. arc. transmitters; sending; out, .sus- 
tained waves. .Most of, these. sets are. provided .with means ‘for. rapid 
change of wave length so as to prevent an enemy from readily copying 
; messages or from interfering with, its successful ‘transmission, ....-- 
~ Radio amethods: enable. the: direction and..a_ fair estimateof the. distance 
of certain, ships to be. determined. of these possibilities. have brought 
about the practice of using the radio transmitters for as brief period as 
possible, of employing codes. ofthe ‘briefest possible character. Mer- 
chant vessels, under war conditions,.are not permitted to use their trans- 
mitters except to, call for help. _Howeyer, they keep a constant watch at 
the receivers for, any information that may be, picked. up. Some of the 
large shore, stations send) out time: signals ; and ‘warnings: for 
assistance of the navigators of all;ships;. 

Shore chain of shore ‘stations. is now) ‘Opetated: 
Government for communication -with ships and no other shore station A 
allowed to operate for any purpose, excepting: for experimental work, and 
then it must be operated in a very restricted manner accofding to rules pre- 
scribed. by the Navy Department and, under supervision of an officer; unless 
inland. a sufficient. distance. to rencler. ‘its ‘tranamistions too: feeble ‘to be 
read by..a submarine off, our. coast. . 

Our. Government . has a chain. of which as 
trunk lines over -which messages. are sent: for delivery to some ship within 
of Al of, the large) stations. These. large stations: are: located: at 

itginia, near ‘Washington ; at Darien, in the Panama Canal 
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ine’ Islands. Therearé ‘some ‘smaller ones’ iat ‘San: Juan;*Porto 
W Florida, and ‘Colon, Panama Canal Zone: |) Arlingtow:can 
battleships ‘at all points in ‘the North ‘Atlantic, ‘although ‘the: ships 


‘San Diego, ‘California; at ‘Pearl Harbor,’ Hawaii, and’at Cavite, 


ot réply ‘at’ distances much greater than 1,000 miles daylight ‘sending, 
relaying from ‘othet stations’ ‘can: keep in touch- with Arlington. 
cally ‘all the equipment’ of ‘the’ ‘was 


and’ ‘fit ‘the United States: 


striking proof’ of German »prepatation for and 
‘failure to rétognize such a ‘condition, if further proof: bé and of 
is ‘supplied of the two: large radio ‘stations at: Sayville, Long 
Istand, atid ‘Tuekerton, Jor These ‘stations’ were completed and 
ready for service just as war broke out and were prepared: to ‘notify 
German> ships: wher and" where’ to go.: They affordeda ready means! of 
keeping in’ ‘close touch with: their * propagandists operating: all over: this 
country, Censors. were’ placed: at: thesé stations’ to insure ‘neutrality prior 
war,’ but the: reasons: were! not ‘cléar:at/ as; to 
why this practice) was followed.: There:were no: cable-censors' then and 
the radio ast felt that it was being discriminated ‘against:im favor ofthe 
cables. :Dis¢lésures that: have: been made ‘recently ‘by Secretary ‘State 


was done, as it must have been evident to ‘our! Government officials: that 
we ‘could; not;;remain: neutral, and: such! idiscrimination ‘as :resulted!:from 
radio censorship, was doubtless due to special knowledge of the 
and; of-our inevitable: later relations with them: 
> Army Use While the Signal Corps of thad: mork in 
previous: tothe breaking: equipment .was 
very small and incomplete. A few stations in Alaska and a few small 
stations at the army posts; together with: a. few pack sets, constituted the 
army's equipment: This condition has, seriously hampered the army. in. its 
preparation for war on a: large scale, as; its needs; were not:so. thoroughly 
determined! asi wére. those ‘of: the navy. »The-atmy uses! two, general. classes 
of: portable sets. for ground work, one carried ion’ mule. back. and. the other 
‘The mule) back or, “pack” set..is avery small, affair of, only 
about watts: capacity, but it range..of- about)25 ‘miles onthe 
average, arid’ this coupled with its extremely, portable character and the 
fact that it can be set up by two or three men in a few miniftes: makes it 


very. valuble in scouting service. The power: for.operating the generator is 


supplied by two or more men, who cfank the-small dynamo by means of a 
special’ gear: The ttuck set is mounted*on a motor track and’ the ‘truck 
‘motot supplies the power’ for driving the! radio dynamo: “The ‘aerial: is 
suipported by a telescopic arrangement which can be quickly taised and low- 
ered and the set put in commission. It is litnited in! its ‘portability ‘by the 


oats Both ‘to’ ‘reach’ the’ locations from 


. a :, Aeroplane Use—The: army’s big use of radio equipment is expected t> 
1 i be in the aeroplane fleets.’ All aeroplanes carry radio transmitters and ; 
co _ some of them are provided with receivers also. “All the new ‘aviators ‘are 
trained in the Continental: Code ‘until they attain a proficiency in 
of about eight or ten-words per minute, This training is not-very arduow: 
Bo ba as it isthe receiving that is difficult and takes a longer ‘time to master.’ °° 
- The'aeroptane in modern watfare-is expected to do ‘most of the scouting, 
and: when supplied: with radio equipment it ‘Gan’ k it ition, 
= 


f 


q 


service for the aeroplane. is the’ directing of the fire control, This is done 
by means of radio equipment and. a battery.can.soon get the range of the 
enemy when directed ‘by. the observer in the aeroplane. The aeroplane 
equipments! vary:\in power’ from one-half kw. down to 15.0r 20; w 

The: on ‘most the planes. are driven .by.a two-blad 
windmill, the motion of, the, plane.supplying the wind. T 

are capable of operating at any speed the plane may. attain without danger 
of injury to the mill or dynamo, The aerial used with, the higher powers 
consists of .a trailing. wire, while the engine..and metal parts, about the 
plane act as the “ground.” The. one-half kw.,. 500-cycle quenched . gap 
_ sets havé:a range of about 126 to 150 miles to a ground station of moderate 
two or three miles. 

must hosts pure. Hertsian. radiation, ‘in 
which the ground’ plays a)s¢condary part if it! plays any part at all, This 
is a rather startling fact’ for the older workers in this art, as the earlier 
experiences ‘indicated ‘that the ground: connection was extremely: important, 
and that it, in fact, made a commercial success Of an apparatus that pre- 
viously ‘had been only.of scientific interest... 

‘It is with regret that Timust refrain from a more detailed account of 
war applications, but I fear a disclosure of more than I have given is in- 
advisable at: this time, ;What I have given ‘may be new to’some of you, ‘but 
is wellknown by all those well ‘up: inthis: art and so» cannot possibly 
be: harmful to: this country’s interest even’ if “it should be ‘handed to the 
enemy. We should be thankful, however, that this art'was not discovered 
and developed in Germany; ‘as: it might, ‘under this ‘latter condition, have 

Use by Spies There ‘can’ ak doubt ‘but: that: a great amount of use 
has ‘been ‘made of ‘radio: by: the German spies. They have: not confined 
their efforts to that alone; however, as‘telegraph, cable: and mail! have all 
come in ‘for their’ share, and so’ the radio should ‘not be looked upon ‘asa 
dangerous device with which the public should not be trusted. A general 
law Prohibiting the use of —_ by anyone outside of the Government 
bo would nan overcome this danger, any more rei a law prohibiting 

the general use ‘of bonibe: would stop the anarchist: from indulging his 


“The radiotelegraphy asa of the war, 
many working to overcome its present defects, will make it ready, to Soha 
take the peaceful. applications, to, far etter advantage than before. 
these many.,applications are: ...; 

runk. Line Overland.—The., connection .of the. large. cities “of. the 
tryin. an overland, trunk line, system... Such a service. is entirely 


; feasible. Transmitting stations with “ diplex ” high-speed sending and with 


companion ;“ diplex.” receiving stations at each location, would give.afour- 
channel system well able. to handle a. large volume of. business. at rates 
that would make the wire lines exceedingly ancomfortable.. ... 

2, Private Uses-—The connection of many large business houses with 
their, branches, was well under way and in some: instances in setvice when 
the war stopped further use. A large extension of this should be expected. 

Railroad Service-The, general use for,railroad, service, not:onlyias a 
* reserve for, present, wire. lines, ‘but,.as;,a means of keeping constant 
communication with the trainmen in: charge of the. operation.of the»trains. 
_ The of nperation in ‘fogs will be another important 
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4. Cable: Competition-—The value! of .radiotelegraphy for. service) at. 
present ‘performed: by cables is just beginning to: be realized. Who can 
doubt but that at the end-of the war'every country will erect high-powered 
radio stations from which it can communicate with many other countries 
without the fear of interruption to such: communication, Quite aside from 
this military advantage, 'the low cost of erection and upkeep will cause a 
very general adoption of this system. . Two latge radiotelegraph stations 
can be erected: for approximately one-tenth the cost! of an equivalent. cable 
system., The:cost of operation will not. be: materially different; asthe 
power cost is about as much greater than. that of the cableias the, cost of 
upkeep! of. the cable is gteater. than. that of the radio: system- 

_ «/Dhe! accuracy of radio. transmission: is: considerably greater than that of 

the cable system: The lower. first’ cost of the radio telegraph: over the 
cable enables it to be operated: at-a- much: lower rate than :the.cable. It can 
in fact be operated at rates so low and: with a:load, factor, so poor that no 
cable company can survive such: competition for any great length of time. . 
Transatlantic stations operated at capacity and at two-thirds of the present 
cable rates will more than: pay their first six months. ation. 

These figures will give some conception of the possibilities: of this:means — 
of communication, In making ‘the calculations upon which: this statement 
is based actual figures. of what) has been done between the: United /States 
and. Germany were used. A capacity of 25,000 ‘words per day was fre- 
quently secured in. the: Sayville-Natien transmission prior to otir entry into 
the war. This is a speed of only 17 words per no: difficulty 
should be encountered in maintaining such speed. ere are several 
methods at present offering considerable® promise of success,:-which, :will 
enable a speed. of:;ten times: that. mentioned above to. be» secured and 
operated commercially. Think. of of such’ stations 
operating at high speed and it does not take much of a cee to forecast 
the future means of overseas communication,» | 

Government: Ownership.—The ‘most serious that. could: befall . 
radiotelegraphy would be: Government: ownership, and this unfortunately 
is:by no means improbable. The: military authorities are now very: much 
enamored of radiotelegraphy and their experience’ in this war: with it 
under, their absolute contral will not. tend to lessen. their desire to control 
it.) It-is: wonderful: appliance, for. war, ‘but: itis no less so: for peaceful 
pursuits, and-it should be allowed to work to its best advantage under both 
conditions, It; will, develop: under present-war| conditions for war purposes 
particularly, but much of this canbe. turned to: good -account: for service in 
times of peace provided it is not hampered by Government ownership. 

This plea.is made now for a square: deal.and you are urged: to weigh 
well, the arguments; that, will be’ advanced’ in support of the: Govefnment 
‘party, when: the, time comes for’ the consideration of its pro- 
posals... An attempt to. secure Government: ownership is feared: because 
ample proof, of such intentions, has already been supplied: Several riaval 
officers have openly, boasted to, me, that, they would. get control: and: since 

t. boast haye: ‘part, in, fighting. two: bills that ‘were introduced 
before Congress....Thus far those responsible for developing radioteleg- 
raphy, have’ been | ‘able to, convince . Congress of; the: inadvisability of the 
plan, but each, of these. defeats. has: been. followed: by» many - 
newspaper accounts of improper use of radio and the’ inference: ‘that ‘such 
‘improper,use. was. due! to lack..of Government ownership. 

We. are on the threshold: of great things. for eadidacleduediny and the 
things that are. marvelous. today, will be. commonplace tomorrow provided 


always that it is not sto: in its development by this threatened condi- 
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following questions were’ asked»and answered by Mr: Kintnér> 
Has this same scheme been applied to directing submarine: boats. in 

the Atlantic and has it worked out where 

Mr: olin Haye: the best known 

tion ‘with ‘such’ operation. has a ‘scheme of!that:kind, but:the objec- 

tions’ are ‘that: to pick up ‘the radiations necessitates an ‘aerial which ‘shows 
above 'the surface of the water, and’ the ships: attacked: can slioot it before 
it gets to them. The only: solution offered is a number of them 
at once, and the ship attacked: cannot shoot all of ‘them, one of’ them 
may be successful: .-That ‘such ‘a torpedo ‘must ‘the exposed aerial 

| it: is a’ serious objection: Such a device ¢an be made to go on 

‘Are the radio towers insulated? 9d 

. Tt was-at ‘first thought necessary” the 
Arlington ‘towets were When: tested it found that: they 
worked: better: without ‘insulation, now: “use ‘then 

How does the bulb: set compare’ with the quenched gap 

bulb ‘set as at present developed is “When a 

ble of greater ‘power is produced it will probably be greatly 

present bulb sets are ‘extremely: Gritieat “require an 
expert to make them*work successfully.) 

Was «not the wireless: work betiveen’ Washington 
Honolulu carried'on with bulbs?) 

Wes, there were some 320 bulbs: used! in'that patticalar ‘test. have 
been after working anhour a renewal of bulbs 

Q. "They cost $50 or $100 not?” 

Yes; they: ‘are quite expensive, 
‘that: mach; ‘but the necessity” ‘for 
impracticable as yet. And those particular signals were) made ‘after a num- 
ber of unsuccessful trials: and when ‘conditions were found to be just right 

$0: that atmospheric: disturbances were’ at a minimum. ‘signals’ p 

up at Honolulu were amplified a. thousand: It isa favorable 

condition ‘like the conditions that prevail large astronomical observa; 


tory when they use their highest ‘power ‘instruments about’ once’ a ‘year: 
pie have possibilities, but the atmospheric conditions will not permit their 
requent -use. 


Q. What is the difference betwéen night and da y tranémission? 
A. Phe difference between ‘night ‘and day Varies with the wave 
employed. For long waves there is ‘very little difference; ‘but for short 
waves there is'a tremendous difference. ‘Waves of 600 meters; for instance, 
working: over 200 miles, will go through’ with 'a little difference im favor 
of the night signal; but those same waves’ would probably ‘not ‘be heard’ at 
1,000 miles in daylight, ‘whereas at ‘night they would be heard at a distance 
of 1,500 or 2,000 miles. In the ‘winter time’ it is nothing unusual for the 
United States Navy in winter quarters on the east coast of Cuba to pick 
up’ press notices and ‘baseball news’ sent from the’ New York’ Herald 
station with a two kw: machifie:\ got‘ those ‘every ‘fight, 1,500 ‘miles 
away, without difficulty. A’two kw/ set-is considered good for’ 500' miles in 
daylight. One cannot ‘make a’ more definite statement ‘as''to the transmis- 


sion difference ere = and day on account of the ‘Breat difference in 
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QL: What isithe power, used in the press) station in it 

Lam, not familiar, with it... The largest, station ,is 
has bees, heard. ini Cairo, Egypt. Tati the longest distance of whi 
know, and it was a freak message. That station, a 25 kw., is 
1,000, to. 1,200. miles. in the. day, but: you;will, find. that all kind: of: 
messages are heard a:very much greater. di just as in Cairo. 

_.Q. 1s Professor. Fessend stil living and working? 

ahd He is $ till ive ¢ is not working on: wireless at, the present time. 

to submarine signaling, by sound waves under 
water, ich fi nothing at all to do with electric radiation. He is 
equipping a number of boats with these submarine signals by which “ 
can hear approaching vessels and hear signals and all kinds of things like 
that. It is an extremely valuable adjunct to. our naval service. 

Q. Aerials used for the transmission of large power are generally at a 
considerable elevation. Is it, possible: by means of an aerial which might 
be quite low to receive’ messages very greet, distances? What is the lower 
limi be the Th tances 

lower t s to groun ere. are ins on 

record in which wires ne been laid on the ground, the ground ‘being : a 

sandy soil and very. d Tong wires. of Comparatively small élevation are 

capable of | detecting | ose waves, without any considerable. ‘elevation. A 

portion of the receiving at Sayville was done without, elevation. 

iar does not need to be at all high. There no exact 

yet... That is something that is being investigated. There 

a er.of people who advocate the low for transmission as 

SUCCESSEUL 

“0. been any a directional e 

_A,, There are, certain, that with a 
there:i ‘is.a, directional effect. It has never been very proved, that 
such is the case. During a test made at one time by a United. States veasel 
at sea, we had the ship gradually turnaround and we listened closely, but 
were unab) e to detect, any difference. regardless. of what.the angle was. at 
any time. It. may have been that we did not havea sufficiently’ long: aerial 
as compared with..its height... That was the answer. given by the Marconi 
people...I. do, not: know whether there is very much directional. effect rover: 
great distance; there, probably: is whey: you are near by: 

Q. I have been able. to:hear ithe, Marconi Cape)Cod: station in Pittsburgh, 
but not up in New York State. 

A. I do not think your tw6 obsétvations’ should be considered as at all 
proof... Conditions vary. so. enormously from day, to day, that 
unless you could have simultaneous observations observers 
I do not think you could make much out of it. The Marconi stations a 
New Brunswick -and at’ Chatham, Massachusetts, are supposed to have 
directional aerials, At those stations, they, were experimenting with it 
two or three years prior to the war. 


Q. I have heard that, Professor Pete of Union. College, is using @ coil 


instead of an aerial “for “Have you idea what 
1s 
A. I got some intimation of this” ular research you have mentioned 


_and communicated with Professor Berg.and he replied that he was hardly 
<— to state anything. It is too soon to say much about it. 


Has any cominercial method grown. out of Rrpisescc: Pupin’s static- 


rath $9) you Araby 
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about such, inventions on ‘several different occasions: and’ ‘has ‘out 
- two or three times with ‘different inventions for this:! ‘Some people claim 
Q. Has anything come of Mr: Tesla’s' ‘wireless transmission ‘of power?) 

A. Nothitig’ as come directly’ ‘fron’ what Mr. Tesla has done, although 

he did a great deal of\ work which ‘assisted other investigators. He has 
done a wonderful work’ atid is very ingenious, and a ntimber of his’ devices 
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By Car, E. Perersen* 


rudders, An ordinary rudder is one in which the whole of the area is 
abaft the axis of the pintles and rudder-head. In balanced He some 
of the area is forward of the rudder-head axis, for the purpose of reducing 
or. eliminating. the. twisting, moment about the axis. 

_The principal parts of the radder which require calculations for ‘strength 
usually are the rudder head, the main piece, the rudder arms “ the 
rudder pintles. ‘The’ vatious classification societies’ and handbooks give . . 
empirical formule and’ tables for proportioning rudder parts’ Thére are, 
however, great differences in the results obtained by the tse of the various 
formule’ available.’ ‘The’ best niethod ‘of estimating ‘the stresses in the 
rudder stock is to calculate the pressure on ‘the ‘rudder’ blade’ and’ its 
moment about the axis’ of ‘the ‘rudder ‘stock ‘meats’ of! Joessel’s or 
Beaufoy’s formule, 

rudder blade, may’ be ‘five’ to six times that due to putting the rudder hard 
over in still water: (S. S: Birtish Prince, the maximum pressure on gear to 
put rudder hard over was 5.6 tons at 13 knots’ speed in calm, while indica- 
tor springs were broken during ‘storm, showing at least’ 30: tons’ pressure). 

Calculations should be made for stgtical stresses and a suitable: factor 


ts | PRESSURE FORMULAE, ob | 


with 


= distance of of center c of Pressure, forward plate. 
* Suahie member Society of Naval Architects and Marine Engineers. 
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ing 
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| 
| normal pressure on platen pounds. 
A =area of plate in square feet. 
V = velocity of current in feet per second. 
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in knots’ (6,080 w= 64 pounds’ per cubic feet 
formula we must anply a eduction coefficien nt, t for 
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Figs, on: Vewel of Move ement 
_ Beauf formula. for, the, fit 


where the symbols have the in meaning as Vin 


formula agrees fairly well. with, ihe results obtained from, 
ious actual _It has; been used. by. the. British, 
miralty for many years in rudder calculations... ... ......., 
ssuming tha ged he ¢ time in, swi 
ship would not have changed her course, the final speed V; in the ree 
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f the-keel would. the i itial, e., 


gas of the additional resigtance of rudder, in. 


(2). At the end of this period the ship has acquired’an angular velocity 
at right angles to the keel which, diminishes the angle of incidence, of the 
stream lines on the rudder blade by,a certain angle €, and_consequently the 
final moient tending to return the rudder to a fore-and-aft plane. (See 
‘Therefore the ratio of the actual final moment tending to: seen she 
rudder to a fore-and-aft plane to the moment given by oessel’s fo ala is: 
sin (0) of reduction. 
. The values of the’ reduction coefficient C-must be by judgment 
from the experimental data available on other ships.~However, approxi- 
mate values may vary from about 0.50 for a small high-speed vessel to 
about 0.80 for a large slow one. 
In screw vessels, when going ahead, the velocity of the water past the 
rudder is increased due to the slip and may be taken to be: 
speed of vessel 
— slip 
United States Navy practice is to takethe augmented speed at 20 per cent, 


_ while the British Admiralty uses 15 per cent in all cases. 


Single-screw vessels are-more favorable to steering than are the ordinary 
twin-screw vessels: fitted with:one rudder, due to the action of the propeller. 
In sailing vessels the velocity of the-water past the rudder is reduced on 
account of the frictional wake, which may be taken as,10 od cent. Dead- 
wood and full sterns are urifayorable to turning. any case the 
water should have a clean run past the er. : 


AREA. 


ae of area of rudde: as a percentage of the immersed longitudinal 


Pr 


In the percentage increases ihversely ‘us the size or speed of the 


"Where ‘steam-gearing’ gears are fitted, with thé’ exception of yery slow 
vessels, any deficiency in rudder area is. cely noticeable, ‘as the rudder 
is quicidy thrown over to a greater angle thant would ‘be necessary if the 
As regards shape, for a given area and pressur ese, narrrow rudder 
when using moderate angles of helm gives a siiial i ing oment, on 
sequently less power for operating the rudder and a smaller, rudder 
required than a wide shallow one. Also the pressure for a given area 
will be greater for a narrow, deep rudder than for a broad, shallow one. 
The' lower portion of thé rudder is more: effective than ‘the upper portion. 
Rudder ‘area ‘is less’in merchant ships than in' warships, as there is not 
the same nécessity for leew manetivering powers ‘as in naval. vessels. 
Broader and shallower rudders are used ‘in battleships ‘so as to keep the 
whole of the steer geat below the Yor protection, 
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TRE NAVAl VESSEIS.... 400 to 2,60 
Moderate-sized naval vessels, destroyers, etc....... 3.00 : : 


1 dinary Rudder” 
| formula for the twisting. moment_on the rudder is: 


Mt = fs.Zp,- 


16 


NOTES. 
7 _ In ‘ordinary: rudders, -as shown in Figs'4,, pressufe.on, the rud- 
der is distributed over so many pintles, the bending moment on the rudder 
is small and practically negligible, ond st she is. 
to. resist torsional stress, 403 
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where Zp is the polar modulus of the section Ps fs i is the safe skin stress. 
ap for value for a solid ber gore section we 
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Allowable stress on steel ore of 7,500 pounds per square inch is a 
reasonable figure, 5,000 pounds per square inch for rdugitt iron, and the- 
stréss on Orditiary' cast steel tudders should not exceed 10,000: pounds: Long 


square e inch.’ 

larger value of fs may be used, say 10,000 for steél and‘8,000 for 
iron, owing to the fact that while the stock is calculated for the rudder at 
maximum angle and maximum Speed, such a condition would never be 
realized except in smooth water; | 

Taking fs at 7,500 pounds square 


and at 5,000 pounds per inch, 
=0.1 YM. 

In the case of a rudder fixed 
and supported at the bottom, the rudder stock should be calculated to 
resist the combined bending and twisting moments. Assuming that the 
pressure on the rudder is uniform per = of depth, it may be shown that 
the bending moment at the pee ek 


where P is i total pressure on. the. rudder: and D is the depth. The 
equivalent twisting moment which would produce the same intensity of 
shear stress as the combined hgh and twisting is 


+V 
where M is the bending Aibinent and T is the twisting moment. 

The twisting moment at any section A-A of rudder main-piece is simply 
the sum of the twisting moments 3, 4, 5, and 6. (See Fig. 4). 

- The arms supporting the single ‘plate should be proportioned somewhat 
to resist the bending moment about the axis of the pintles, but in all cases 
the dimensions should be increased to allow for shocks to which the rudder 
is subjected in stormy weather. 

The shearing force on any pintle is the total pressure on the area sup- 
ported by the corresponding arm.-(See shaded portion, Fig. 4). How- 
ever, pintles when Proportioned to the pressure acting on them will be 
amply strong to resist shear. ¢ bearing pressure on pintles, 

i DX 
where P is the total pressure pocnds and L, are 
the diameter and length in inches, respectively, should not exceed 500 
pounds per square inch where no lubrication.other than water is furnished ~ 
and about 800 pounds-per square inch -where lubricated. 

The strength of cpt ot joint must be equal to that of the stock. 
In a horizontal. coupling the. moment of the aggregate:strength of the bolts 
the rudder axis should che. equal. ‘to the twisting moment of the 


*Phickness of rudder spetcnre range from % inch in small steamers to about 
1% inches in liners. ere there is a possibility of backing’ into floating 
ice should be increased: 


a is to be built to Lloyd's: rules, are unnec- 


essary, as detailed dimensions are given in their tables. In these the 
- diameter of the stock is given for various speeds under numbers, which — 


represent the product of the total area of fe rudder in square feet abaft 
the axis of the pintles'and the distance in feet of the center - gravity of 
this area abaft same axis. 
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Bureau Veritas’ formula for diameter of sadder. pode for eee 
high speed is: 
D=0.18 VABV 


immersed depth of tudder i in feet 
= extreme breadth i in feet. 
= speed in 
But in all cates the diameter must not be less than that given by thei 
table 


where 


4 
AIA. 
= 


Speed of 
Fig Shoring Pron ot Vain wi Hala Dit Angi 
“The British Corporation formula is: 
D=0.26 WArV', 
\ D==diameter of stock in inches. 
A=area of rudder in square feet: 
from center of gravity to axis in feet, 
==speed in knots. 
The Lloyd’s is (English measure) : 

D=0.103 
Mackro ackrow oy) gave: 
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D=diameter of stock in inches. 
= immersed area of rudder... gp 
U=speed in knots allowing 10 per cent slip. ee 
i d=distance of center of effort from axis, 
“International Marine Engineering.” 
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The following letter has been received by the Editor: ae 


Mx: prior: In the: vély rémarkable. study whieh ‘the Journat 


EpicaN Societyor Navat, Enciyeers, published: unde: signature of; 
Admiral’ Dyson, thére is a rather harsh "of the boilers 
out type installed on the battleship Maine. 

Permit us to point out how illogical it is for the author to, inter a fault 
of an order as’ general as that of ‘circulation from” a’ Séries “of particular 
information. 

~ Under these conditions: we only-advance considerations of ‘the ‘same: 
orden and show by examples that the circulation has always been very 
active and pétfectly reliable ‘in our ‘boilers; ‘the’ sections ‘of ‘which for’ the’ 
passage. of water and steam.in the, headers are liberally, calealated fos, the 
maximum production. 

In support of our statement 'we:may ‘mention facts! chosen) from) 
all the navies of the world, LP roving that, in spite of the very active 
prolonged cornbtistion, especially since the’ war, the boilers. aie behaved 
perfectly, without: any , bursting, exen warping of: tubes.) 

For example, the cruiser Le Friant has had a‘very active. service ia the 
French Navy for 25 and het: boilers; Have undergone only’slight 
pairs, consisting simply. in replacing some. tubes. All the headers, of. 
malleable iron, so criticised by Admiral Dyson) have been found in’ 
excellent. condition. ; None; of them. have. heen; changed, |, Other French 
vessels, in service from 15 to 18 years, might also be mentioned. 

'dn'the English JNavy we from ‘a vety trustworthy source, that: the 
boilers of the cruisers Berwick, Suffolk, etc,,. are r 
engineer officers, who repea edly, in the course of n 

forced them. to the: without:any injury opera mead 
_ Finally, it is not possible to preetet prove the excellence of the i 
Ten avy, in ugust, 1913,, on. a rhea’ ore in ; the 
course of which the combustion, for a period of 16° howe ‘was SH 

at 225 kilos! per: square, meter of grate’ per ‘hour)” This/is atleast! doable 
what was required of the boilers of the Maine. On examination no fate. 
‘least’ The ‘However; ‘was was “but ‘60 

of 84; on, the. American attles 
shall aor pares the subject further, Editor, ‘although: it 


ing thé great number of boilers we ‘have'in service in the. 


various navies, to multiply indefinitely: of the Hind, furnished, 
abo 


‘your, -impartiality, we Jeave|to. yo judge the 
tion etter in your next. number 
able to do:tis ant injury-Land we are ce iin that? sich: has never ‘been 
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Screw For HyprAvtic AND AERIAL Pro- 
PULSION, Rear, Apmirat, C,.W. Dyson,. U..S... Navy. 
JoHN anp'Sons, Inc., New YorxK. Second Edition, 
Rewritten: Two Volumes. Vol. I, 325 pp. text. Vol. IL, 
Atlas of 82 Charts and Diagrams. Price, $7.50... 

The marine engineering world will be pleased to know that 
the most recent papers and researches on the subject of pro- 
pellers by Admiral Dyson are now available in book form. 
When the first edition of this book was printed it markea a 
new: departure in the method of handling this subject: It was 


welcomed by all marine engineers, as it removed propeller 
design from the category of “thumb rule” or “cut and try” 


processes and placed it ona scientific basis. The test of time 
and actual trials have ¢ertainly justified the method. 

The second edition is more than-a revision, as'there i isa very 
large amount of entirely new matter. The subject of “ thrust 
deduction” has been cleared up and a chart (sheet 19) has 
been added on this’ subject. In‘a:similar way the subject of 

“ cavitation” has been more thoroughly investigated and. the’ 


‘limits of this phenomenon are given in anew chart (sheet 22). 


Additional charts covering the new method of analyses have 
also been, added....In the text the method of design has been 
altered to be more flexible. It now covers practically all cases 
of design by one method. ‘There has also been added a chap- 
ter on aeroplane propeller design. =~ 

On the’ whole, the: book may”! "be ‘considered a ‘classic 
the marine engineering world is highly indebted to the author. 


oy to perfect this work. 


- for the years of untiring’ tesearch and. labor that have been 
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WAR: UIBRARY SERVICE, U4 


” Good books are urgently needed for our sol diers and sailors 
here at home i in the training camps, on ‘ransports, in the Navy 
and overseas in thé trenches, 

‘A fund of $1,700,000 has been raised by the American Li- 
brary ‘Association to build’ and equip thirty-four libraries in 
the camps, to provide trained library service, and to buy books. 

_ "The service includes ail Y.M. A., K. of and Y. M. A. 
huts, hospitals, Y. W. C. A. hostess houses, and many ‘other 
distributing agencies. The work has grown wonderfully, and 

to supply the unexpectedly great demand’ for books and 
thriftily save the fund, the American Library Assotiation éall 
for gifts of books from the public, 

The libraries established by the’ American’ Library’ Associa- 
tion’at the Army training camps” ‘are filling a definite want by 
‘providing reading for the men and officers!” ‘demands 
made on them, however, are-so-broad in scope that it is‘impos~ 
sible to’ fill. them: all. Technical magazines are much.appre- 
ciated, as:well as those of, literary interest; The war is an 
engineers’ war, and the need for engineering data is,acute... 
American. Library Association intends ;to; devote its 
-funds.as.far)as possible to the purchase of scientific and, tech— 
nical books and other. works, ofa; serious; nature, but it will 
‘appreciate any, gilts of this kind, as, well as, of recrea~- 

Many. useful engineering, works, on, office, shelves, not: 
in actual use and rapidly, growing. obsolete.; » Their psrerniatinn. 

‘books, sent should be, secent editions. rie 

present..books,. all that. is. necessary ; “to. mark, 
“ War Library Service” and deliver them at any public library. 
They will be. forwarded to the war-library, storage. patty and 
distributed to tt the points ‘where are most needed. 
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THE SUBMARINE“IN/WaR Peace. By Simon LAKE, 
N. A.; 71 illustrations and 1 har Co., 
Philadelphia. Price, $3.00. ni 

This work a ‘collection ‘data ‘extending over 
twenty. years... author has athe adyantage over. other 
detail of su bmersibles through. himself being an ‘inventor ‘of 
such, craft, In his book he has, endeavored to show what a 


submarine i is, the “comedy and tragedy i in submarine develop- 


ment, , experiences of pioneer inventors, the evolution of under- 
sea boats and their 1 use, in war, hf destiny, and the possibility 

The latter chapter i is of keenest interest, at present, the writer 
being. well.qualified.to, discuss this important subject.’. Due to 
existing conditions. this subject could not,be fully: discussed. 
interesting, book, .,well and 
‘BRADFORD, 2D. 159 VAN Nostranp ©o., 

A technical Book ‘On ‘an’ ‘necessary stbject written 
in’ simple ‘style! ‘The author ‘suggests that it supplement Bow- 
ditch’s: ‘American’ Practical has sueceeded'in 
furnishing ‘a commientary on’ that’ standard ‘work: that should 
serve a very useful purpose. The chapters on Tite, Latitude 
‘arid ‘Longitude’ are’ particularly valuable."‘The work’as 4’ whole 
style.” 

Presswork and binding?! ‘are of 


Man’ ¢ on Dick, by Feuix E. 
D. Van ‘New York. $3.( 00 net. 

The author is a master mariner (sail and steam), and has- 
written a manual for the American Merchant Service which 
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is, extremely, robes in for its, handy,, 
work i is, complete. foy ihe space. it occupies 
and should be of great value to junior officers of the. Merchant 
Marine either in command or in, training. It outlines fully: 
clearly. what, seamen :should: know,.and indicates the law. and 
practice of merchantship handling in. a; satisfactory manner, 
An, attempt is, to, standardize the methods. of steam 
Navigation as sail navigation has been, The author has not 
“fallen short.of his intended purpose to: what, 
American Seaman ought to know.” aio ire 
As,usual, publisher has, presented. a creditable. picge ‘of 
letten work... type and are, aid 


Size, 414 by 614 inches. Pages, 880. Ntimerotis 
/ illustrations. New York: 1918. D. Van Nostranp Com- 
PANY. Price, $5.00 net. 
The fourth edition of this standard work i is marked by the 
‘steamers, a brief description of steam-heating’ systems in ships 
_ and details ‘Tegarding new fittings and equipment. 
_ This new edition is very timely a as a useful aid in the de- 
signing and construction of ships. 


By G. CARLTON B.S. 
Van Co., New York, N. Y. 133 pp. 
$2.00... 

This pe fittle. ‘book treats of the and 
properties of trinitrotoluenes, dinitrotoluenes, and. mononitro- 
toluenes under the following heads ;. The theory of the nitra- 
tion of toluene ;, the, manufacture of. TNT ; the purification of 
TNT; inspection, of TNT; testing of TNT;. properties of 
tri-, di- and mononitrotoluenes. Supplemental chapters are 

added on accidents in TNT plants and TNT diseases. 
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Book Suites,’ BY CAPTAIN 
Orton P. Jackson, U. S. Navy, AND FRANK E. Evans, UPS. 
Freperick’ A. 'Stoxes' “New 891 
PP. ‘and 486 illustrations." 0) od 

This’ very interesting, 
book, describes’ fully ‘all’ classes’ of ship life: ‘Phe history'and 
description of the building’ all ‘classes of: ‘ships’ from small 
pleasure ctaft'to battle ships is ‘most interéstingly: ‘written. - 

The making of the mattof-war's man and officer carries one 
‘thtough naval life’ on’ ship in’ at target ‘practice, 

seven great sea battles will hold one’s attention’ throagh- 
‘A ‘trip through the Panama Canal’ is vividly described: 


Charts of flags, pennants; and other code and vessel'matk- - 


ings, are incorporated in the work. The book is replete with 
This, book is, well. worth. 


Tue, MANuAL,. Navy. 
Norman R. VAN Der VEER, AUTHORIZED 
(59H), EDITION, 1917. , S. “Naya Institute, ANNAPOLIS, 
Mp. 821 pp, Tlustrations i in color. $75, postpaid, 

The new. edition of this standard work requires “ho ‘intro- 
‘duction to the Navy. Men i in the. service have long. known | it 
as an essential handbook for instruction and guidance and as as 
the téxtbook on which examinations for ratings are based. 

‘members of’ the Naval Resérve’ Forde! this “authorized 
‘edition “for consideration. There is 
perhaps no other publication which presents in the same’ cortt- 
‘pact form af equal ‘amount’ Of? ital‘ information int’ non- 
techihieal style’ “Reserve” officers ‘will profit 
‘thettiselves: arid to’ thé Serviced?" vobnu 
he! teviSion Shows: the’ Stutidatd of 
‘sented editions as’ 6 type, color plates 
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/ASSOCIATION NOTES. 


The again ‘requests ‘that all members, ‘aésociates 
and subscribers keep, him advised as to changes in addresses, 


-BACK NUMBERS, - 


for sale any of the of the JouRNAL,. 

Vol. 3, Nos. 1, 3 and 4. 

Vol. 13, Nos. 3 and 4. 4 

Woh 25,.No 1807 | 

_ Vol. 26, Nos. 1 and 2. 

Vol 2%, Nos. 1, 2. and 4, 

Nos... 1, 2 and, 3. 

_ The following. members, and associates domed. 


Society ince the of the. last..number,,of the 


Allen, Archer M. Lieutenant Commander, 
Dombrowski, P. L., Lieutenant, U. SN. 


alsor, Naval Trispector, cave to, 
Barron, Guyon E,, ‘Lieutenant, U. wR 
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Bibber, Leon C., P. O. Box 881, Newport News, Va. 
_ Cheyney, A. R., Bureau of Steam Engineering, Navy Dept, 
Derby, William M., Jr., Lieutenant, UWS.N. R. F: 
_ de Vasconcellos, O. L,, Lieutenant, Brazilian Navy. 
_ Earle, Swepson, Lieutenant, 
_ Homor, H. A., Hamilton Court, 39th, and int Sts,, 
Philadelphia, Pa. 
Irish, Warren Ensign, U. SNR. F. 
Conn.’ tO} 
Muncey, E. M., care Russell Ce: Ohio. 


Murray, Patrick, Lieutenant, U. S. N. Ri 
Nelson, E. H., Gen. Works Griscom Russel Co., 
Massillon, Ohio. 


Reed-Hill, William, Navigation Rime ‘Bank 
Building, Detroit, Mich. lev 

R. R., Ensign, U. N. R. 
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The Society is atretsed that the Bureau of Oil Conservation, 
Oil Division, U. S. Fuel Administration) is desirous of secur- 
ing a combustion engineer in each of the Boston, Providence, 
New York City, Philadelphia, Pittsburgh, Buffalo, Detroit, 
Chicago, Minneapolis, Tulsa, New Orleans and San Francisco 
districts who will act as an inspector, visiting all plants ‘within 
his district using fuel oil and natural gas. It is desirable’ to 
have these men act as volunteers where possible, but the Ad- 
ministration is prepared to pay a reasonable compensation for 
men who cannot afford to give their. services to the Govern- 


ment. 


Only men who have had expen in fuel ‘oil and natural 
gas combustion would be of «value... 

_ Correspondence should.be addressed to W, Champlain Rob- 
inson, Director of Oil- Conservation, Oil REM, United 
States Fuel Administration, Washington, D. C 
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